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ABS TRACT 


Since the recommendation of the Department of Commerce 
in 1968 that the United States embark on a national program 
for conversion to the metric system, no effective or signi- 
ficant action has been taken by the Congress or any other 
organization to promote the metric conversion. Apparently 
no method or procedure has been developed to identify and 
overcome learning obstacles or organizational lag in the 
metric changeover. 

Based on surveys conducted by the authors in four organi- 
zations, in education and in the business sector, and in the 
lignt of recent theories on learning and innovation, this 
study formulated a model to diagnose learning obstacles and 
to accelerate the adoption of the metric system within 
organizations. Data from these surveys were used to predict 
ideal change agents and propose a strategy for incorporating 
specific levels of learning in the organizational adoption 
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Pe DRO DUC TTON 


"From the early days of the Republic, the United States 
has repeatedly considered the question of going metric. Yet 
today, on the eve of the nation's second centennial, the 
question remains unsettled." 

The above paragraph, quoted from a report to the Congress 
by the U.S. Metric Study [1], depicted well the history and 
present situation of the U.S. concerning the adoption of 
the metric system. 

Indeed, during the last two centuries, many propositions 
and recommendations for the standardization of measurement 
have been presented to the Congress, especially those of: 

=ethomas Jetferson in 1790 

mevonn Ouincy Adams in 1821 

= JOseph Henry in 1865 

seuonn A, Kasson in 1866. 

The Congress considered them with much debate, but each 
time action was postponed. The only significant action was 
the enactment of three metric bills [2], in response to the 
Kasson Committee report in 1866. The most important (Metric 
eeecotem Act, PL 14:339, July 28, 1866) legalized the use of 
Metric weights and measures. One of the others (PL 14:301, 
July 27, 1866) directed the Postmaster General to distribute 
metric postal scales to all post offices exchanging mail with 


Memo reiecountrei1es, The Other (PL 14:369, July 27, 1866), 





directed the Secretary of the Treasury to furnish each 
State with one set of metric standards. 

Although these acts constituted a considerable step 
toward the use of metric system, they did not establish a 
national policy to promote the predominant use of this 
measurement system. There were many reasons for the delay 
in going metric. The main obstacle seemed that the metric 
system was not then in use by the major trading partners of 
eae U.S. 

In the last 20 years the metric system has become the 
dominant language of measurement in the world. Only a few 
femmons (13 out o£ over 140 countries, or less than 103%) 
have not yet adopted the metric system or decided to do so. 
Oretnese, the U.S. is the only technologically advanced 
country. Even Great Britain, where the customary system of 
measurement originated, has almost completed her "metrication" 
program this year. So the main obstacle mentioned in the 
above paragraph has been removed. Moreover, the use of the 
metric system has increased noticeably in many sectors of the 
United States, especially education and pharmacy. 

Probably motivated by this marked metric trend, the 
Bencress, through the Metric Study Act (PL 90-472, August 
wae ion), Girected the Secretary of Commerce to undertake 
the U.S. Metric Study. Its purpose was "to determine the 
impact of increasing worldwide use of the metric system on 


Mico. tO appraise the desirability and practicability 





of increasing the use of metric weights and measures in the 
U.S.; to study the feasibility of retaining and promoting 
by dstekeae iene use of dimensional and other engineering 
standards based on the customary measurement units of the 
United States; and to evaluate the costs and benefits of 
alternative course of action which may be feasible for the 
Deo. «6 3). 

The Study should be completed within three years during 
which interim reports and a full and complete final report 
of the findings, with appropriate recommendations, should 
be submitted to the Congress. 

The Study was planned to give every sector of society 
an opportunity to express its views with respect to the 
guestions raised by the Metric Study Act. The plan provided 
for a series of seven public hearings, called National 
Metric Study Conferences, supplemented by eleven special 
investigations. 

The public hearings included representatives associated 
with manufacturing and nonmanufacturing industries, organized 
labor, small businesses, engineering and scientific disci- 
plines, education at all levels, advertising, publishing, 
fav, meaicine, public health, agriculture, forestry, fisheries, 
agencies of Federal, state, county, and local government, 
meat eState, college athletics, finance, insurance, ware- 
Hemsingd, chansportation, Construction, communications, re- 
tailers, ae eee Ghiets ot police, fraternal organizations, 


exporters and importers, home economists, consumers, and 





other groups that could be affected by a change in the 
nation's system of measurement. 
The investigations that supplemented the hearings 
covered the following subjects: 
(1) Manufacturing Industry 
(2) Nonmanufacturing Businesses 
oy) Education 
(4) Consumers 
(5) International Trade 
(6) Engineering Standards 
i stnternational Standards 
(8) Department of Defense 
(9) Federal Civilian Agencies 
(10) Commercial Weights and Measures 
(11) History of the Metric System Controversy in the U.S. 
Each of these investigations is the subject of a volume, 
published as part of the record of the U.S. Metric Study [4 
to 14]. The public hearings are summarized and analyzed in 
an additional volume [15]. The final report was published 
in July 1971 under the title "A Metric America: A Decision 
Whose Time has Come" [1]. Experiences in metric changeover 
from other countries — especially Japan and Great Britain — 
have also been considered and summarized in the final report 
meer. 1, Chapter Xj]. 
During the Study, many courses of action were conceived, 


including an abrupt and mandatory conversion to metric and a 





program to promote more use of the customary system in the 
world. However, the feasible courses of action were narrowed 
to two main alternatives: 

Course One: The United States follows no overall plan. 
Each firm or other entity pursues its own measurement 
EOlrey oe target Gate Lor the nation scosbecome pre- 
dominantly metric is not set. The government does 
nothing to impede or foster the change. 

Course vo: The nation goes metric according to plan, 
under an overall national program with target date 
for becoming predominantly metric. Within this frame- 
work, segments of the society work out their own 
specific timetables and programs, dovetailing them 
with the programs of other segments. 

The analysis of the final report focused on these alterna- 
ieve courses of action and came up with the following 
recommendations: 

(1) The U.S. change to the International Metric System 
through a coordinated national program over a period of ten 
years, at the end of which the nation will be predominantly 
(but not exclusively) metric. 

(2) Within the broad framework of the national program, 
each segment of society should work out its own specific 
timetables and programs, dovetailing them with those of 
other segments. 

(3) The Congress asSign a central coordinating body. 


This coordinating body would work with all groups in the 
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society that were formulating their own plans, so as to 
ensure that their plans meshed. It would help to decide how 
the public could be best familiarized with the metric system. 
It would advise government agencies of changes in codes and 
regulations that would require attention. And it would have 
to anticipate and deal with other special problems. 

(4) Groups of industries would coordinate their efforts 
with the help of trade associations and agencies of Federal, 
state, and local governments. 

(5) Two areas merited immediate attention, even if a 
national program was not adopted: education and international 
standards. 

Almost all participants in the U.S. Metric Study stressed 
the importance of education in any change to metric. Citizens 
need to be informed of what the change would mean in their 
jobs and everyday lives. Metric measurement needs to be 
taught more vigorously in the schools. 

The Study strongly recommended that the U.S. begin to 
participate more intensively in the making of international 
standards which would increasingly influence world trade. 

(6) The costs of going metric should be borne in such 
a way as to minimize the overall cost to the nation and to 
avoid: bureaucratic waste. The experience of the British "to 
let the costs lie where they fall", which was also followed 


by the Japanese, would be adopted by the United States. 
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Four years have elapsed since the submission of the U.S. 
Metric Study report and yet no significant and effective 
action has been taken by the Congress. In 1973, a bill (S-100) 
was introduced by two senators to the Committee on Commerce 
of the Senate. Its purpose was "to provide a national pro- 
gram in order to make the international metric system the 
predominant but not exclusive system of measurement in the 
U.S. and to provide for converting to the general use of such 
system within ten years" [16]. To date, this "Metric Con- 
version Act" has not been approved by Congress. 

Most sectors of society had not started the metric 
Saanqeover in 1971. Those which had started, continued it 
Often without coordination, even within an organization. For 
example, in some schools, while the departments of mathematics 
and sciences had been teaching completely in metric for years, 
the shop classes still used the Customary system exclusively. 

As revealed by the U.S. Metric Study, going metric was 
memma Guestion of "whether", but of “when" and “how" (i.e. with 
or without a national program). Delay in the changeover 
would not stop the metric trend but would make it more costly 
to the society as well as to each organization [Ref. l, 

Chap. Ix]. Therefore, it would be better for each organization 
to complete the conversion aS soon as possible. In cases 

where the conversion program needed to be dovetailed with 

miose Of Other organizations, the organization should be pre- 


pared for a coordinated changeover. In any case, every 
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organization needs early preparation which consists essen- 
fraliy Of planning and training. Experience in Great Bri- 
tain, in Japan, and in some segments of the U.S. showed that 
careful planning and adequate training would provide the key 
to a fast and economical success in metric changeover. This 
meognie be the reason why almost all participants in the U.S. 
Metric Study stressed the importance of education in the 
change to metric as mentioned above. 

Aiming to develop a model to increase adoption of metric 
system within organizations, this student effort emphasized 
the learning and innovation aspects of the problem. Surveys 
were conducted through questionnaires, and interviews at 
three schools and one business. The three schools covered 
almost all levels of education. The firm was of medium size. 

Data from the surveys were analyzed and interpreted in 
the light of recent theories on learning, innovation, and 
technology transfer. The model was formulated through the 
use of some matrices. It was also intended to be used — with 
some modification — whenever a new method or "language" was 


to be adopted by an organization. 
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As indicated in the title — a model to diagnose learning 
obstacles and to facilitate the adoption of the metric sys- 
tem within organizations — this study is essentially related 
to three subjects: the metric system itself, the theory on 
innovation, and learning theory. Literature covering each 
subject is reviewed in the following sections. However, the 
application of theories on learning and innovation to the 
adoption of metric system within organizations has not been 


previously researched. 


Pewee METRIC SYSTEM (STI) 

Pow mencionead an the Introaucction, most information about 
the metric system and its adoption in the U.S. can be found 
in the interim and final reports submitted to Congress by 
the U.S. Metric Study [Ref. 1, Refs. 4 to 15]. Many books 
on the subject were published in the last five years, par- 
micularly: Eger anem Ow en OupoMerricerurure by F.R. Donovan, 
Meo l/), Thinking Metric by Thomas F. and Marilyn B. 
Gilbert, 1973 [18], and Metric System Simplified by Gerard 
Peewelly, 1974 [19]. 

io Oily Or che Metric System 

In 1790, one year after the French Revolution, the 
French Academy of Sciences constructed a system, based on 


Pmeemost Scientific principles of the time, which was wholly 
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rational, quite simple and internally consistent. Its key- 
Stone was the "meter", a unit of length defined as a specific 
me_reri1on Of the G€arth's circumference. 

With provisional standards fabricated by 1795, laws 
had been passed in France to make the system compulsory. In 
1799 an international conference was held in Paris to inform 
other nations about the metric system. 

The system was not an unqualified success at first, 
even in France. Only after a hiatus of 25 years was it 
officially restored. Since 1840, when its use became com- 
pulsory, the metric system began to spread internationally 
at a rapid pace. By 1900 about 40 nations had adopted it. 

To date, more than 90 percent of the countries in 
the world had adopted the metric system or committed to 
conversion. 

In the U.S., the expansion of the metric system had 
encountered more difficulties. In 1875, however, the U.S. 
Signed the Treaty of the Meter and, in 1893, became an 
officially metric nation as the new metric standards (re- 
ceived in 1889) were declared to be the nation's "fundamental 
standards". 

Since its creation, the metric system has been stream- 
lined and became an international measurement system, known 


as SI (Systéme International d'Unités) .* 


*Jnless otherwise stated, the term "Metric System" used 
in the remainder of this .study refers to SI. 


cS 





pemeviiat 1S the Metric System (SI)? 


There are six base-units in the Metric System 


(Table 2-1). 


Table 2-1 Base-Units of the I.M.S. 
Base-Quantities Base-Units 


Length Meter 
Mass Kilogram 
Time Second 


Temperature Celcius 
or Kelvin 


mlbechrie “Gurrent Ampere 


Luminous Intensity Candela 





All other units of measurement in the International 
Metric System are derived from these Six base-units. These 
units are described more fully in Appendix A. 

The metric system is based on the decimal system. 
Multiples and submultiples of any given unit are always re- 
lated by powers of 10. For instance, there are 10 millimeters 
in one centimeter; 100 centimeters in one meter. This greatly 
Simplifies converting larger to smaller units and vice-versa. 
The conversion is done through multiplication or division by 
10, or a multiple of 10, or simply by moving the decimal 
point one or more places to the left (converting smaller to 


Tagen untts) or to the raght (larger to smaller units). 
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For example, 5.841 kilometers is converted to meters by 
multiplying by 1,000 (moving the decimal point three places 
to the right) and the answer is 5,841 meters. 

Multiples and submultiples of all the International 
Pemeetc units follow a consistent naming scheme, which con- 
Sists of attaching a prefix to the unit, whatever it might 
be. For example, kilo stands for 1,000; one kilogram equals 
imeoo grams. Centi is the prefix for one hundredth; one 
meter equals 100 centimeters. Table 2-2 gives some commonly 
used prefixes, their symbols and meanings (for other pre- 


fixes, see Appendix A). 


Table 2-2 Names and Symbols for Metric Prefixes 





Multiply cacion 
Prerix Symbol Meaning Factor 


Mega M One million times 10 
i<oul ie K One thousand times 10 
Hecto ie) One hundred times 10 


Deca da Ten times 10 


Deci d One tenth of 10- 
Centil Cc One hundredth of ie 7 
js og Ba m One thousandth of 102 


ria. Cro u OnewmLlLToOnth Of 18) 
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tnealiye tne international Metric System can be con- 
sidered as the most coherent, rational, consistent and simple 
system of measurement. It was designed deliberately to fill 
all of the needs of scientists and engineers, although laymen 
need only know and use a few simple parts of it. It is 
logically streamlined, whereas other systems developed more 
or less haphazardly. 

3. Metric Beachheads 

in tie Uso. SOCLety, the metric system is slowly 
advancing under its own power, although sporadically and in 
piecemeal fashion. These changes seemed to have taken place 
in activities and disciplines which were more or less self 
contained. 

Pharmacists and physicians have converted to metric 
with no serious problems. With few exceptions, the language 
and tools of U.S. science are entirely metric. In math and 
feremoe Education, throughout most of the country the metric 
system is taught to a large extent, even to very young 
Smmaren,. The U.S. Army uses metric units in its maps for 
distance and elevation, the U.S. Navy is familiar with 20 
millimeter and 40 millimeter guns. The National Aeronautics 
and Space Administration has gone metric since 1970. 

The metric system also finds its use in automobile 
industry (manufacturing, repair), sports (swimming pools, 
skis), photography (film size, lens characteristics), food 


industry (net weight marked on food cans). 
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These examples, though far from exhaustive, do 
indicate that metric measurements and practices have estab- 
lished many beachheads in the U.S. 

4. Arguments for Metric and for Customary Systems 

In the course of almost two centuries of the U.S. 
history, perhaps the longest running debate is whether the 
U.S. should adopt the metric system. Dozens of arguments 
have been advanced, attacked, and defended with passion and 
excitement. 

Not a few of the common arguments are demonstrably 
false, even a bit frivolous. Serious arguments, however, 
have been advanced by both pro-metric and pro-customary 
spokesmen. The most important ones are as follows. 

fe Geo=cUuSceomary Arguments 

Cimmeusccenary UnveESs Of length {foot, yard; ~~.) 
are closely related to everyday experience and to some 
segment of the human body. 

(2) The customary system doesn't use a decimal 
base, but both its duodecimal (base 12) and binary (base 2) 
bases are handier. The duodecimal has more factors (2,3, 
Peeepeetnan the decimal (2,5), and multiplying or dividing by 
2 is quite Simple. In the age of computers, the machine can 
handle any unit. 

(3) Changing to metric would cause confuSion and 
waste of money and time. Double documentation and tooling 
inventories, retraining of people, safety hazards due to mis- 


takes, study and planning for the conversion, .... would 


ig 





constitute a huge expenditure for bit firms and almost 
insurmountable obstacles for small businesses. 

(4) Going metric would open the way to import 
ifeeom Countries that do not now make products to customary 
specifications, hence causing more competition for domestic 
industries. 

The U.S. export trade (estimated at $20 
billion for measurement-sensitive products in 1975) is so 
small compared with the Gross National Product (estimated at 
moo o billion in 1975) that the advantage of manufacturing 
according to metric standards would be insignificant and 
can hardly compensate the cost of changing over. 

(5) Deciding to go metric when the U.S. economy 
1s still in a recession is likely to bring out the reaction 
that this is the wrong time. The conversion might complicate 
all the economic problems. 

See rO-Metrc Arguments 

(1) From antiquity people have learned to count 
on their 10 fingers. Today the decimal numbering system 
is being used by almost all mankind, including the people 
of the U.S. No arithmetic operations could be simpler than 


moving a decimal point. 


(2) The use of only one main unit (meter, gram 
Sresaquare meter, ...) in each kind of quantity (length, 
weight, area, ...) and the attachment of the same set of 
prefixes (kilo, hecto, Coven. Oo. FOr Mutsy D1 es eand 
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Sub-multiples make the metric system the most coherent and 
easy to remember as for unit names. 

(3) Experience in Great Britain and even in 
the U.S. showed that the metric conversion turned out to 
be much easier and less costly than anticipated. 

In England, a great many of the expected 
difficulties were in the main amenable to simple solutions. 
More details on cost of conversion shall be discussed later 
in this section. During adjustment to the new measurements 
there might be a change to eliminate many of the superfluous 
varieties of materials, thus reducing inventories and offering 
an opportunity to improve engineering standards. 

(4) Once the conversion is completed, the metric 
system, with its unequaled simplicity as pointed out in (1) 
ana (2) above, 1s easier to learn and to use. Schools would 
have extra time to teach some of the new subjects now being 
maeroducea into the curricula. Engineers, technicians, and 
workers would save time and make fewer errors. 

(5) Though small in relation to the total 
economy, the U.S. exports are crucial to maintaining a 
favorable trade balance in an increasingly metric world. 
The U.S. economy today, as never before, depends on trading 
raw materials, manufactured products, even technological ideas 


with countries that have changed to metric. 
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standards. The official measurement language of both IEC 
ome ISO is the International Metric System (SI). 
6. International Standards and Foreign Trade 
In international relations, the difficulty was not 
so much that the U.S. talked a measurement language different 
from that of other countries. Rather, it was that many of 
the U.S. engineering standards, based on customary units, 
were incompatible with the standards used elsewhere. And 
this hampered the export of some U.S. products. 
a. International Standards 
As mentioned aeueLee, the U.S. is represented in 
Pmemtio® and TEC. It would be economically beneficial for 
the U.S. to play a more vigorous role in the making of inter- 
national standards. 
In the give and take of international standards 
making, compromises tend to result in all parties giving a 
Miteele ground and thus sharing in the cost of changes. There- 
fore, if the U.S. fully participates in the making of the 
Meeace majority (90% in 1971) of international standards that 
remain to be developed, it would not be the only country 
that would have to adjust its national standards. 
b. Foreign Trade 
In world trade, standards are important mainly 
in "measurement-sensitive" products, 1.e. products in which 
dimensions are critical. In 1969, the U.S. exported about 


$14 billion worth of measurement-sensitive products and 
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meperted about $6 billion worth. The difference, $8 billion, 
was considerably more than the nation's favorable balance 
mueeerace in 1969, which was only $1.3 billion. 

Standards based agreements could be a non-tariff 
Berrier against the U.S. exports. Anda relatively slight 
drop in the exports of measurement-Sensitive products could 
mean the difference between a favorable and unfavorable U.S. 
trade balance. 

According to the exporters asked by the U.S. 
Metric Stuay, if the U.S. had gone metric by 1970, the 1975 
exports would have increased by about $600 million [Ref. l, 
Eemol-64). 

Besides exports and imports, another factor that 
is tending to integrate the world economy is the rise of 
giant multinational corporations, many of them either partly 
or entirely owned by U.S. companies. The total annual output 
by multinational firms in 1970 was reported at about $450 
feton, almost half of the U.S. gross national product. 
ieee ouSiness abroad accounts for roughly half of this $450 
billion output. This huge but almost invisible segment of 
American industry 1s already going metric. 

7. Opinions and Attitudes Toward the Change to SI Metric. 
AS was noted in the Introduction, the U.S. Metric 
Study was planned to give every sector of society an oppor- 
tunity to express its opinions and views with respect to 


the questions raised by the Metric Study Act. 
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The U.S. Metric Study adopted several different 
approaches with the hope of letting each sector of society 
express itself on its own terms and on its own level of 
sophistication. Included in these approaches were three 
fundamental questions: 

- Is increased metric usage in the best interests of 
em. 5 F 

- If so, Should there be coordinated national programs 
to change to metric? 

- Over how many years should the change be made? 

a. Manufacturing Industry 

Almost 4000 companies were chosen to be a repre- 
sentative sample of some 300,000 U.S. firms that manufacture 
Ppreeaucts. 

Sentiment for or against going metric varied 
greatly even within the same kind of industry. Large firms 
Beteea to be more in favor than small ones. 

As to whether a unilateral increase in metric use 
for their products would be desirable (irrespective of what 
the nation may decide), manufacturers were abcut evenly 
divided. But as to whether increasing the use of metric 
would be good for the country as a whole, an cverwhelming 
majority voted "Yes". About 70 percent of those answering 
this question (representing 80% of the total employment) said 
that more use of metric would be in the best interests of the 


U.S. Figure 2-1 gives a picture of manufacturers attitude 
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Manufacturers Attitude Toward More Metric In the United 
States asa Whole 


(Weighted by Size of Company) 
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toward more metric in the U.S. as a whole (weighted by size 
Srecompany) . 

As to what course of action should be followed 
in increasing metric use, more than 90 percent of those who 
responded preferred a coordinated national program, based on 
either voluntary participation or mandatory legislation. Only 
Seven percent favored no national program for going metric. | 


Table 2-3 gives the breakdown in percentages. 
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Oo NousManumacturing Businesses 

The companies in this sector are engaged in such 
a variety of activities that gross figures of metric usage 
would mean little. Nevertheless, some general conclusions 
about attitudes can be drawn. 

Sixty-one percent said that increasing the use 
of the metric system is in the nation's best interest 
Weare 2-2). 

Eighty-six percent of the non-manufacturing 
businesses were in favor of a national conversion program 
(reoke 2-4). 

The percentage of those responding who preferred 
a national program (86%) is less than that of the sampled 
manufacturing businesses (93%) but the percentage of those who 
preferred a mandatory national program (62%) is much higher 


than that of the manufacturing businesses (43%). 


oi 





Non-Manufacturing Businesses: 
Is Increased Metric Usage in the “Best Interests of the 
United States’? 
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Ga HOucation 

A public hearing devoted to education was attended 
by representatives of all leading teacher and school adminis- 
tration societies as well as many firms in the educational 
field. They represented a total of 1,600,000 people. 

Educators are nearly unanimous in their endorse- 
ment of the metric system. Virtually all the individuals in 
the educational system and the firms associated with it 
make some use of the metric system and are in favor of a 
planned conversion program. 

Ce COVve mame nt 

The Department of Defense expresses no view as 
to whether increasing use of the metric system is in the 
best interests of the U.S. Nevertheless it stated that the 
armed forces could make a change over to metric without 
impairing their functions, assuming that industry would first 
convert through a coordinated national program. 

As to whether conversion would be in the best 
interests of the military, the Defense Department found 
mite the compatibility of U.S. and foreign equipment will 
enhance combined military operations and simplify logistic 
Support requirements" [Ref. l, P. 78]. 

The view of 55 other Federal Government agencies 
roughly paralleled those of the manufacturing industry sur- 
vey. More than half the agencies make some use of metric. 


Forty of the 55 agencies estimated that long-term advantages 


Zo 





of going metric would outweigh disadvantages, and almost 
all of these favored a coordinated national conversion 


Paeecram (Table 2-5). 


Table 2-5: Views of 55 Federal Civilian Agencies 


DON'T 
YES NO KNOW 
Favor Coordinated National Program 65% 7% 28% 


Advantages Would Outweigh Disadvantages 60% 14% 26% 


e. Public Attitudes and Knowledge of Metric 
A sample of 1,400 families representative of 
62 million family units in the U.S. were interviewed by the 
Survey Research Center of the University of Michigan. 
As indicated in Figure 2-3, the survey revealed 
Enat > 
(1) The general public knows little about the 
Metric system. 
(2) People under 25 know more about the metric 
system than older people. 
(3) The degree of knowledge of the metric system 
increases with the level of education. 


(4) "The more people know about the metric system 


the more they favor it." 
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PUBLIC ATTITUDES TOWARD METRIC 


The More People Know About Metric The More They Like It 
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Rather consistently, those with more formal 
education or more experience using metric units seemed the 
mest confident that they could master it with little diffi- 
culty and believed that metric conversion was in the best 
interest of the U.S. For these reasons the surveyors judged 
mata program Of public education would be essential to 
"the success of a national conversion program" [Ref. l, 

Poe 9- ol). 
f. The Length of the Change Over Period 

The clear consensus for the length of the con- 
meeeron period was ten years. At the end of this period 
the nation would be predominantly (not exclusively) metric. 

Although some participants preferred a faster 
change and a few wanted more time, all could be accommodated 
by a ten year transition period. Those who needed more time 
could take it, since the nation's goal in a ten year program 
would be to become mostly (not entirely) metric. 

Fifty percent of responding manufacturing bus- 
inesses preferred a transition period of six to ten years, 
while most non-manufacturing businesses were in favor of a 
shorter period. The commercial weights and measures indus- 
tries might need more time for the conversion. 

The Department of Defense stated that the rate 
of conversion within the Department will be dependent on 
how well conversion is carried out by industry. 

Seventy-two percent of responding Federal Civilian 


Agencies preferred a ten year transition period (Table 2-6). 
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Table 2-6: Choice of Optimum Period for Metric Changeover 


Less than More than 

10 Years 10 Years 10 Years 
Manufacturing Industry 50% 24% 26% 
Federal Civilian Agencies 72% 23% 5% 


In summary, answer to the three fundamental 
questions posed earlier is the clear-cut consensus of the 
eeeaeererpants in the U.S. Metric Study that: 

- Increased use of the metric system is in the best 
interest of the U.S. 
- The nation should change to the metric system through 
a coordinated program. 
- The transition period should be ten years, at the end 
of which the nation would be predominantly metric. 
8. Benefits and Costs 
Benefits and costs of the metric conversion can be 
tangible, direct or indirect. There seem to be two possible 
ways to compare them: 
fupeowaccecd|! I Coste and all benefits to obtain a simple 
aggregate figure representing the net benefit (or cost) 
to the nation of going metric under a coordinated 


national plan. 
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- to determine which is more advantageous to the nation: 
deliberately going metric by plan, or eventually 
going metric without a plan. 
The first approach, although conceptually simple, 
Meeenot feasible. First, few of the groups from whom benefit 
and cost data were solicited were able to furnish them. 
second, the benefits and costs are not ceeectlhy scomparab ler 
inasmuch as they would occur at different times. Vixrtually 
all the costs would be incurred during the transition period, 
while most of the benefits would come after the Eransition, 
Third, the majority of benefit and cost items are basically 
elusive — perhaps even unknowable in dollar terns due to 
their intangible or indirect nature. 
a. Comparative Analysis 
AS the main objective is not to arrive at absolute 
figures for benefits and COStS wine U-o. Metric Study has 
adopted the second approach. This requires a comparative 
analysis showing a clear-cut differential between two aggre- 
gates whose values can be stated only in relative terms. 
Information from the surveys of the INManufacturing 
industry and of international trade, permit such a compara- 
tive analysis by deriving the costs if the change were made 
without a plan and the benefits from estimates of the time 
required to recoup costs. 
The diagram in Figure 2-4 illustrates the advan- 


tages to the manufacturing industry of changing to metric 
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through a coordinated national program rather than changing 
without one. 

In the diagram, two curves represent the cumu- 
lative net benefit and cost (vertical axis) over time 
(Hormezontal axis) of the metric changeover. The upward 
(positive) direction denotes the benefit, the downward 
(negative) direction the cost. The dotted curve represents 
the change through a Boemonacea national program, the solid 
curve the change without program. The dotted arrow area 
indicates the advantage of having changed by plan, the solid 
arrow area the advantage of the change without a plan. 

A limited number of conservative assumptions 
have been added to the data collected. First, there are 
two assumptions as to time. The transition period of a 
planned changeover is taken as ten years. The transition 
period for changeover without a plan, based on the rate that 
the use of metric system iS now increasing, is estimated at 
90 years. The actual period might be longer or shorter, 
but the assumption of time is not critical to the outcome 
6f the analysis. As the transition period of the change by 
plan is always shorter than that of the change without plan 
(this is one of the main reasons to have a plan), the diagram 
can be changed as to time (i.e. moving side to side the 
points marked "U.S. is metric") and the dotted arrow area 
is still greater than that of the solid arrows. 

The assumptions as to benefits and costs were 


made on a "worst-case" basis. That is to say, when a choice 
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was possible, it was made so that the no-plan mode of 
changeover was put in the best light. | 

Two kinds of costs were identified for the 
cnangeover: 

- average annual cost of maintaining dual capability 
fapeuc 20.5 billion per year) 

=- total cost for all other manufacturing, called 
the "Base" cost. Any value can be assumed for this kind of 
GOSt. 

An important reason for having a planned program 
is to reduce these two kinds of costs. However, as an ele- 
ment in the worst-case approach, these costs of the no-program 
changeover are assumed to be equal or lower (annually) than 
ifme@sce, Ot the change by plan. 

ies gease "COSC In the case Of Figure 2-4 1s 
feemmead tO be $1] billion annually (or $10 billion in total) 
for the change with a program, and $0.2 billion annually for 
the no-program changeover. The combined annual cost is 
given in Table 2-7. 

Based on the $600 million increment in inter- 
national trade balance mentioned earlier, augmented by an 
Seenomic multiplier (2 to 3), and on the recoupment of costs 
furnished by a number of manufacturing companies, the bene- 
fits of the changeover were estimated at $7 billion in 6 years. 
This gives the slope (upward) of the curves after the points 


marked "U.S. 1s Metric." 
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Table 2-7: Assumed Average Annual Costs (Billions of Dollars) 


Program No-Program 


Pease" Cost 0 


Dual Capability Cost 


Combined Cost 





Estimates from 126 manufacturing firms indicated 
that the actual cost figure probably lies somewhere between 
foot llion and $14.3 billion. In the final analysis, however, 
benefits will come sooner, if the nation changes to metric 


by plan rather than leaving the change to chance [Ref. l, 


Pee}. 
pe COST Estimates from Other Sectors 
(1). Federal Government. The cost estimates 
were made in two surveys: one concerning the Department of 


Defense alone, the other concerning 55 other agencies. 

The 55 Federal civilian agencies contributed 
maeormation that indicated costs attributable to extra efforts 
during a metric change in a national program would be about 
$60 million annually over a ten year period. There was no 


information as to the cost of change without a program. 
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The Department of Devense estimated that 
appropriations for D.O.D. over a 30 year period would have 
to be increased by a total of $18 billion, about 75 percent 
Gumere aouring the first 10 years. The cost of the change 
without a program was not estimated. However, the analysis 
of the manufacturing industry suggests that the change 
Teeneout a2 National program would cost more to the D.O.D. 
than the change by plan. 

(2). Non-Manufacturing BUSmiesses. Ceongducernad 
no formal benefit-cost studies like those in the manufacturing 
Survey, most of the non-manufacturing companies foresaw no 
Significant change in their annual costs. It was not possi- 
ble to make a comparative analysis between a planned metric 
changeover and one without a plan, in terms of benefits and 
Cocres . 

nem eOtalheCOStMOone adapting Or replacing 
weighing and measuring devices, which would be borne largely 
by non-manufacturing businesses, is estimated at about $340 
Marion. 

(3). Labor. Labor unions are concerned about 
possible costs to their members for new tools and retraining. 
They suggested that these expenses should be borne by employers. 
On the other hand, some self-employed craftsmen have to buy 
new tools as the nation changes to metric — regardless of 


whether there is a national program. 
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A more subtle cost, which can be termed 
"loss of experience", is also of deep concern. A worker who 
Pemonranit liar with metric tools or estimation in metric has 
to work more slowly and less surely, therefore not quite so 
productive for a while. No dollar estimate was given for 
this “loss of experience", but the problem should be dealt 
wieeeecguitably in the design of a national plan. 

(emeenaaieatvem, in this sector, the costs of a 
metric changeover are considered to be largely compensated 
by the benefits of it. The change of textbooks and equip- 
ments would cost about $1 billion, but most textbooks are 
replaced anyway after a few years of use, thus most of the 
$1 billion could be completely absorbed. 

The cost of training teachers who are not 
familiar with the metric system would be absorbed through 
the programs of continuing education. 

The intangible benefits of going metric might 
well be substantial, mostly because of the simplicity of 
the metric system. As it can be learned more easily, the 
extra time that could be saved will be used for teaching 
other subjects. 

iiltemeOsGeonr che change FO metric will be .sub- 
Seemetal, but it is indicated that the change has occurred 
and will continue with or without a national program. As 
the analysis showed that a change without a plan would cost 
more, it would be better to undertake the changeover through 


a carefully planned national program. 
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Peeper rence From Britain and Japan. 


The largest industrial countries that have changed 
to the metric system after World War II are Japan and Britain. 
Each approached conversion in its own way which would not 
serve aS an exact model for the U.S., but there are lessons 
momoee learned from both. 

a. Japan's Approach 

Having three recognized measurement systems: 
metric, English, and traditional, in 1921 Japan extended 
the use of the metric system by law. Plans were made with 
a ten year period for some sectors and twenty years for the 
others. Interrupted first by the depression and by the war, 
the changeover was not completed until the early 1960's. 

The Japanese made the metric system compulsory 
by edict of the Diet in the Measurement Law of 1951. Much 
of the final planning was directed by a Metric System Promo- 
tion Committee, a quasi-public agency. 

If the U.S. decides to go metric by plan, two 
lessons can be eearned from Japan's experience. The educa- 
tional effort begun in the schools more than a generation 
earlier greatly facilitated the final changeover. However, 
educating just the children was not enough. The repeated 
stalling of the program in Japan was largely due to the lack 
of the strong promotional effort in the initial stage. 

Db. eGbsitain'’s March to Metric 

The British took much longer to make up their 


minds, but once they decided to go metric, they moved steadily 
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forward. After a motion for conversion program was defeated 
by only five votes in 1871 there were a number of debates in 
Parliament until 1907. Going metric or, as the British say, 
"metrication", was not seriously considered again until 1950, 
the date of the report of a departmental committee on weights 
and measures. Recommending metrication, the report had 
little immediate impact because British industry and com- 
merce were against making a change while the U.S. and most 
of the Commonwealth still adhered to inches and pounds. 

When more and more countries shifted to the 
metric system, the balance of opinion shifted rapidly. In 
1965 the Federation of British Industries informed the Govern- 
ment that the majority of firms favored adoption of the 
metric system as the primary and, ultimately, the only method 
of measurement to be used. The Federation asked support 
from Government and obtained a favorable response. 

After more than two years of planning, the 
metrication started in 1968 and has almost been completed 
ieee 7/5. 

The Metrication Board, a purely advisory body 
which reflects the interests of various sectors of society, 
was established to guide, stimulate, and coordinate the 
Planning for the transition. As for the expense of conver- 
Sion, "the costs of adopting metric must lie where they fall" 


meet. J, P. 123). 
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Metrication programs have been established for 
almost all sectors. For electrical and engineering indus- 
tries, metrication took four to seven years to complete. 
For other industries and businesses, it took four years or 
less. 

From the start, the British have counted heavily 
on the educational system to make metrication smoother and 
itemeer Jasting. Children learn to think in metric terms 
when entering primary schools. Vocational and technical 
schools design their curricula to the needs of specific 
industries. 

A main goal of the metrication has been to 
persuade the British people to "think meter" rather than to 
go through the tedious process of converting inches and 
pounds through arithmetic calculations. Newspapers, radio 
and T.V. broadcastings, posters, exhibitions, advertising 
campaigns, local meetings and study groups have been encouraged. 

Teac tocrng Brits experience directly to U.S. 
problems would be unrealistic since the British economy is 
smaller and less complex, and Britain has joined the Common 
eee: Which 1s wholly metric. On the other hand, Britain 
is, like the U.S., an advanced industrial nation and one 
with which the U.S. shares many common traditions. At 
ileoct to this extent, the British metrication effort serves 


femwapi lot program for the U.S. 
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B. INNOVATION 

As mentioned in the previous section, the metric system 
has been in use in the world for almost two centuries. It 
1s not new to the U.S. either. And one might wonder how 
could its adoption to this country be considered as an 
innovation. 

Tt is true that the metric system is not new to many 
countries in the world. To several other countries, how- 
ever, it is rather new. This is the same for organizations 
in the U.S.: some of them are familiar with this system of 
measurement, but for most of them its adoption would require 
innovation processes. Even within organizations, as men- 
tioned in the Introduction, the metric system is new to 
some departments while to others, it is not. In addition, 
the goal is to implement the SI metric system which is new 
even to the organizations that are using the "old" metric 
System. 

Innovation has been defined by some authors as the 
successful utilization of something "new to an organization" 
fete 20, P. 6 and 7), or even "new to a situation" [Ref. 21, 
P. 112]. And the idea of innovation should be separated 
maemethne idea of invention. According to Shepard, "when 
an organization learns to do something it did not know how 
to do before, and then proceeds to do it in a sustained 


way, a process of innovation has occurred" [Ref. 22, P. 470]. 
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ines Study tO identify the determinants of innovation 
gmorganization [Ref. 21, P. 113], Mohr pointed out some 
important variables, measured at the individual level, found 
to be related to the type of innovative change by many 
authors. Chief among these are the attitudes of an individual 
toward change. This factor was found to be important by 
Blau, Fliegel, Rogers, and Eisenstadt. In addition, the 
"“cosmopoliteness" of an individual is reported to be a signi- 
ficant correlate of innovation by Mytinger and by Rogers .° 
EvauetOund both the competence of an individual and his 
[eeeerel and status interests to be associated with innovation. 
Peeeetiive professional orientation was found by Rogers to 
be associated with innovation, as was opinion leadership 
status within a relevant communications network. Mohr found 
Miwon noOvation 1S directly related to the motivation to 
innovate, inversely related to the strength of obstacles to 
PmrmevatlOn, and directly related to the availability of re- 
Be@umees fOr Overcoming such obstacles [Ref. 21, P. 114]. 
Motivation was found to relate to the attitudes for inno- 
vativeness, activism, and ideology of the manager (health 
officer in this case). Organizational obstacles to innovation 


Seemeaq to be associated with the extent of Ered ims Oiekey 


“Rogers' theory on innovation diffusion will be discussed 
facer in this section. 
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ier echelon employees -- and organizational capacity to 


handle the supervisory aspects of the new programs. This 
factor constituted an obstacle primarily when the manager 
was motivated to innovate. When the motivation to innovate 
was low, the correlation between progressive programming 
and the training of supervisors was low too [Ref. 21, P. 119]. 
Discussing the process of innovation in innovation- 
resisting organizations, Shepard stressed the importance of 
top Management support, outside and inside sources of support, 
fmescanizational crisis [Ref. 22, P. 471-3]. The first 
factor, top management support, could be "shunned" by some 
strategies, such as to conceal the innovation from the rest 
of the organization, or gained by demonstration to top manage- 
ment. Outside and inside sources of support are often used 
by the successful innovator in acquiring a critical mass of 
Support. Since innovation is not a respectable undertaking 
in innovation-resisting organization, the innovator should 
choose respectable friends to support him. Radical innova- 
tions are most readily adopted and implemented in time of 
Seema zactional crisis, probably due to external threat to 
the survival of the closed organizational system. Hence 
the innovator should choose the "right time" or help to 
generate a crisis in order to create conditions favorable 
to the adoption and implementation of his innovation [Ref. 22, 
P. 473]. This point was shared by Wilson when he stated that 
"many organizations will adopt no major innovation unless 


pieneounre a “ericis:” {Ref. 20, PP. 42]. 
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Innovation is a process by which a new idea is adopted 
to an organization. This new idea need not be generated by 
the organization, but there must be some process to transfer 
imemerom the source of creation or invention to the ultimate 
users or adopters. This process is known as diffusion. 

The diffusion of innovations was treated in depth by 
Rogers, based on over five hundred diffusion research studies 
Peet. 23). 

There are four crucial elements in the diffusion of inno- 
vations: Chee tneacitihusiOn, 2)8. 1tS Communication Erom 
one individual to another, (3) in a social system (4) over 
item Innere 1S a continuum of type of adoption decision 
ranging from individual choice to group decision. Ina 
fetal system there are norms which may be traditional and 
discourage the adoption of new ideas, or it may be modern 
and encourage the use of innovation. There are individuals 
from whom others seek information and advice. They are 
called opinion leaders and can be found by using sociometry. 
Opinion leaders may play an important role in diffusion of 
new ideas. As the idea may come from an external source, an 
individual whose orientation 1s more external than that of 
the others is said to have a higher degree of cosmopoliteness. 
A change agent is a professional person, usually representing 
an external organization, who attempts to influence adoption 
decisions in a direction that he feels is desirable, which 


may be favorable or unfavorable to the adoption. The adoption 
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process is the mental process through which an individual 
passes from first hearing about an innovation to final adop- 
tion. Innovativeness is defined as the degree to which an 
individual is relatively earlier in adopting a new idea than 
the other members of his social system. Adopters are classi- 
fied into five categories on the basis of innovativeness: 
innovators, early adopters, early majority, late majority, 
paueeaggards [{Ref. 23, Pp. 12-19]. 

Research on diffusion was reviewed by Rogers in various 
fields, of which two findings might be of interest to this 
study. In education, the best single predictor of innova- 
tiveness among schools was found to be educational cost per 
puoi the “time lag", required for the wide spread adoption 
of new educational ideas had an average of 25 years which was 
rather high (compared to 3 years of average for adoption of 
most products in agriculture, industry and household). The 
possible reasons for this considerable lag were: absence of 
a sczentific source of innovations, lack of change agents 
em@emeconomic incentive to adopt. In industry, factors found 
to be related to innovativeness included: a favorable atti- 
tude toward science (evidenced by status given scientists in 
the firm), cosmopoliteness (worldwide travel of executives, 
Hack of secretiveness with plant visitors), adequate informe- 
mom (Subscriptions to scientific journals, contact with uni- 
wersities), high growth rate of the firm, lack of "“shop-floor 
resistance to ea aeion (conservatism of foremen and union 


mecmcisance) [Ref. 23, Pp. 39-44). 
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As mentioned above, norms may be traditional or modern. 
In general terms, the difference between social systems 
having these two “ideal types" of norms is characterized by 
Pemaegqree Of development and complexity of technology, the 
economic rationality in planning and decision, the level of 
education, cosmopoliteness and ability to empathize of their 
members. An individual's innovativeness was found to vary 
directly with the norms of his social system on innovativeness 
feet. 23, Pp. 61-71). 

There 1S a general similarity between the adoption pro- 
cess and the learning process.> Learning is defined as the 
relatively enduring change in the response to stimulus. In 
the adoption process, various stimuli about the innovation 
reach the individual from communication sources and cumulate 
until he responds to these stimuli, and eventually adopts or 


memeces the innovation [Ref. 23, P. 77]. 


There are five stages in the adoption process: awareness, 
interest, evaluation, trial, and adoption. (1) At the awareness 


stage the individual is exposed to the innovation but lacks 
complete information about it. Cosmopolite and impersonal 
information sources are most important at this stage (imper- 
sonal communications are usually spread via mass media). 


fee the interest stage the individual becomes interested 


3Learning theories will be reviewed in the next section. 
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in the new idea and seeks additional information about it. 

(3) At the evaluation stage, the individual weighs the advan- 
tages and disadvantages of the innovation and decides whether 
WamiecemcO try It. “Localite and personal (face-to-face) infor- 
mation sources are most important at this stage. (4) At 

the trial stage the individual uses the innovation on a 

small scale in order to determine its utility in his own 
Situation. (5) At the adoption stage the individual decides 
to continue the full use (100 percent utilization) of the 
innovation. An innovation may be rejected at any stage in 
the adoption process. A discontinuance is a decision to 
cease an innovation after previously adopting. Relatively 
later acopters are more likely to discontinue innovations 
than are earlier adopters. Adoption of new ideas varies 
directly with exposure to the new idea, however the effect 

of selective exposure is also important. 

Awareness occurs at a more rapid rate than does adoption 
in a social system. There is little evidence that lack of 
knowledge about innovations actually delays their adoption. 
The first individuals to adopt innovations require a shorter 
adoption period than do relatively later adopters. The por- 
tion of the adoption period from awareness to trial is longer 
maeeeetrom trial to adoption [Ref. 23, Pp. 81-120]. 

The rate at which an innovation diffuses and is adopted 
ms affected by its characteristics, as perceived by the indi- 


viduals in a social system. Rogers pointed out five 
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characteristics to be utilized: (1) relative advantage, 
Seeecompatibility, (3) complexity, (4) divisibility, and 

(5) communicability. Relative advantage is the degree to 
which an innovation iS superior to the ideas it supercedes. 
Crises may emphasize the relative advantage of an innovation 
amd aifect its rate of adoption. Compatibility is the degree 
to which an innovation is consistent with existing values 
(such as cultural norms) and past experiences of the adopters. 
Complexity is the degree to which an innovation is relatively 
Sweemrcult tO understand and use. Divisibility 1s the degree 
to which an innovation may be tried on a limited basis. 

This characteristic is more important to relatively earlier 
meemeers than to later adopters. Communicability is the 
degree to which the results of an innovation may be diffuse 
to others. The rate of adoption of new ideas is affected 
also by the interaction effect between individuals ina 
peer system [Ref. 23, Pp. 121-139). 

On the basis of innovativeness, individuals in a social 
system are found to be normally or nearly normally distributed 
eme@mean be clasified into five categories: innovators (first 
Wee to the left of Z = X - 20), early adopters (next 13.5%, 
between X - 20 and X - o), early majority (next 34%, between 
X - o and X), late majority (next 34%, between X and X + 0), 
and laggards (remaining 16%). These five categories are 
ideal types, each of which has a dominant value: innovators, 


venturesome; early adopters, respect; early majority, 
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fewmoerate; late majority, skeptical; and laggards, tradi- 
tional. Compared to later adopters, earlier adopters tend 
to have: 
- younger age 
- higher social status 
- more favorable financial position 
- more specialized operations 
- a different type of mental ability 
- more cosmopolite social relationships 
- more opinion leadership 
- contact with more impersonal and cosmopolite 
information sources which are in closer contact 
with the origin of new ideas 
- contact with a greater number of different 
HieOetcitensounces miner. 23, Pp, 148=191] 
Peeola) influence 1s face=cto-Lace communication between 
the communicator and the receiver which results in changed 
attitudes or behavior on the part of the receiver. Personal 
influence from peers is most important (1) at the evaluation 
stage in the adoption process, (2) for relatively later adopters 
than for earlier adopters, and (3) in uncertain situations 
meener than in clear-cut situations. The three types of 
selectivity (in exposure, perception, and retention) partially 
explain why personal influence functions more effectively 
than mass media in overcoming resistance to change. Opinion 


leader plays an important role in the diffusion and adoption 
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of innovations. New ideas may flow through mass media channels 
to opinion leaders and from them to their followers ina 
two-step or multistep flow. Three methods have been utilized 
to measure opinion leadership: (1) sociometry, (2) key 
informants, and (3) self designating scales. Opinion leaders 
conform more closely to social system norms than the average 
member. They use more impersonal, technical accurate, and 
cosmopolite sources of information than their followers. 
They are more cosmopolite, have more social participation 
and higher social status, and are more innovative than their 
followers. Each adopter category is mainly influenced by 
individuals of the same or a more innovative adopter category 
meeweee2s, Pp. 208-247). 

The change agent serves as a communication link between 
a professional system and his client system. The extent of 
promotional efforts by change agents is directly related to 
mgemtiate Of adoption of an innovation. Commercial change 
feemes acre more important (1) at the trial stage than at 
Eeeeeotne: stage in the adoption process, and (2) for earlier 
@epteers than for later adopters at the trial stage. Change 
agents have more communication with higher-status than with 
lower-status members of a social system. 

A’ general strategy of change was suggested which included 
Baeewtollowing: (1) a program of change should be tailored 
to Fit the cultural values and past experiences; (2) a change 


agent's clients must perceive a need for an innovation before 
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mampecatebe Successfully introduced; (3) change agents should 
be more concerned with improving their clients' competence 
in evaluating new ideas, and less with simply promoting 
innovations per se; (4) change agents should concentrate 
their efforts upon opinion leaders in the early stages of 
diffusion; and (5) the social consequences of innovations 
should be anticipated and prevented if undesirable [Ref. 23, 
Eee 254-282). 

To predict innovativeness, two methods have been used 
with some success: multiple correlation and the configura- 
muenal approach. Multiple correlation is a statistical 
method whereby a series of "independent" variables are 
related to one "dependent" variable (innovativeness in the 
present case). The goal is to explain a maximum of the 
variation in the depvendent variable. It is possible to 
determine the relative contribution of each independent 
variable in explaining the dependent variable. Four criteria 
should be employed in selecting variables in a multiple 
correlation prediction analysis: (1) each independent varia- 
ble should be highly related to the dependent variable, 

(2) each independent variable should have a relatively low 
interrelationship with each other independent variable; 

(3) the total number of variables should be minimized because 
of the amount of computational effort required and to increase 
Preacticality, and (4) there should be a theoretical and 
practical relevance for the relationship of each independent 


variable with the dependent variable. 
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The second method, configurational approach, consists 
of dividing a sample of respondents into relatively homo- 
geneous subsamples on the basis of each of several indepen- 
dent variables. Each subsample is regarded as a separate 
unit for analysis since it has a unique configuration of 
independent variables. After successive breakdowns on the 
basis of the independent variables, which are usually 
dichotomized or tricotomized, the probability of a desired 


outcome is calculated [Ref. 23, Pp. 285-295]. 


C. LEARNING 
To adopt the metric system, an individual should lose a 
habit (use of the customary system of measurement) and acquire 
a new one (use of the metric system). This permanent change 
is known as the learning process. 
Memoe ek associationists (the neobehaviorists), and as development 
Gest ght by Gestalt-field psychologists [Ref. 24]. 
Since learning arises from an interplay of organisms 
and their environments, the key concepts of neobehaviorists 


are stimulus (provided by environment) and response (made 


by an organism). Neobehaviorists use "conditioning" or 
"reinforcement" to describe the learning process. Conditioning 
results in formation of conditioned responses. Conditioning 


implies a principle of adhesion; one stimulus or response is 
attached to another’ stimulus or response so that revival of 


the first evokes the second. Reinforcement is a special kind 
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Of conditioning within which evocation is increased (rein- 
forced) by reduction of a need of a drive stimulus. There 
are two kinds of positive conditioning — classical and in- 
strumental — and a negative conditioning process — extinc- 
tion. Through classical (Pavlov's experiment) and instru- 
mental conditioning (Thorndike's experiment with rewarding 
stimulus), an organism gains responses or habits; through 

extinction it loses them. 

The key word of Gestalt-field psychologists in des- 
cribing learning is insight. They regard learning as a 
process of developing new insights or modifying old ones. 
Insights occur when an individual, in pursuing his purposes, 
sees new ways of utilizing elements of his environment, in- 
cluding his own body structure. The noun “learning" connotes 
the new insights — or meanings ~— which are acquired. Ges- 
talt-field psychologists view learning aS a purpoSive, ex-~ 
plorative, imaginative, and creative enterprise, in contrast 
with the idea that learning consists of linking one thing 
Memanother according to certain principles of association. 
In a broad sense, a hypothesis usually is defined as a 
Sieeeral kind of verbal insight. Insights are always a 
[eemener's own which is usable to him only if he can “fit 
imemin: [{Ref, 24]. 

imenis book on the conditions of learning [Ref. 25], 
Gagné classified learning into eight types: signal learning, 


stimulus-response learning, chaining, verbal association, 
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discrimination learning, concept learning, rule learning, 
and problem solving. 

Signal learning is based on the Pavlovian conditioned 
response. The responses are general, diffuse, and emotional 
ones. In order for signal learning to occur, there must be 
a natural reflex, typically reflexive emotional response on 
miempart Of the learner. The conditions for signal learning 
that can be externally controlled are those of contiguity 
era@mrepetition [Ref. 25, P. 37, 98]. 

Stimulus~response learning involved making very precise 
movements of the skeletal muscles in response to very specific 
stimuli or combinations of stimuli (voluntary response). A 
process of diScrimination is an integral part of this kind 
Sele arning. This type of learning is called trial-and- 
error by Thorndike, or operant learning notably by Skinner, 
Smermscrumental learning by many writers. In this form of 
learning, some of the important stimuli ere internal and can 
be represented as: Ss > R (s stands for internal stimuli). 
The condition of stimulus-response learning is that there 
must be a terminating act which provides satisfaction (or 
meumerorcement) [Ref. 25, Pp. 38-40, 104-109]. 

Mae third type of learning, chaining, is a matter of 
connecting together in a sequence two (or more) previously 
learned Ss > R's. This type is extremely simple and widely 
occurring. For the learner, the conditions of learning 


require that each individual stimulus-response connection 
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be previously learned. For the learning situation, the 
main condition for the establishment of a chain is getting 
the learner to reinstate the links one after the other in 
the proper order. Individual links should be executed with 
Semergulty and repetition [Ref. 25, Pp. 42, 124-131]. 

The fourth type of learning, verbal association, can 
be classified as a subvariety of chaining since it is chaining 
used in language. The learning of an association between 
two verbal elements, called paired-associate learning, is of 
common use and usually needs intervening links (mediation) 
to be efficient. The conditions for optimal learning of 
this type require that each link of the chain and the media- 
ting connections between verbal units must have been pre- 
viously learned; the verbal units must be presented in the 
proper sequence, and the learner must actively make the 
responses required by the chain [Ref. 25, Pp. 134-141]. 

In discrimination learning, the fifth type, each stimu- 
lus must be distinguished from other stimuli in order to give 
Sibeeerent responses. Discrimination learning is often con- 
Sermea with distinctive features. The conditions for optimal 
learning is that the learner must have previously acquired, 
iisolation, each of the chains that make up the set to be 
learned; the initial stimulus links must have been previously 
Giscriminated from each other and that the response links 
must also have been previously learned as discriminated 
Ss > R connections. The entire set of stimuli that are to 
be associated in different chains must be presented to the 


learner one by one [Ref. 25, Pp. 157-167]. 
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The sixth type, concept learning, consists of classifying 
stimulus situations in terms of abstracted properties like 
meteor, Shape, position, numbers, and others; or, in other 
words, "of putting things into a class". This type seems 
to be the opposite of discrimination learning. Prerequisites 
to the learning of concepts are capabilities that have pre- 
viously been established by multiple discrimination. A set 
of chains must have previously been acquired to representa- 
tive stimulus situations that exhibit the characteristics of 
the class which describes the concept, and that distinguish 
these stimuli from others not included in the class. The 
@emd1tion of reinforcement and contiguity is also of impor- 
meee (Ref. 25, Pp. 171-181). 

In the seventh type, rule learning (also called "“prin- 
ciple learning"), the individual learns about rules which 
eenwa chain of two or more concepts. The main condition for 
this type of learning is that the concepts to be linked 
must have been previously established. The major external 
conditions of rule learning are embodied in verbal instruc- 
Eons which require the performance to be expected when 
learning is completed, and invoke recall of the component 
Goncepts. Contiguity and reinforcement appear also to be 
miportant, while repetition does not [Ref. 25, Pp. 56, 57, 
e95-203). 

In the eighth and last type of learning, problem solving, 


the individual combines the rules he has already learned into 
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new ones and solves problems that are new to him. By doing 
so, the individual can deal with and control his environment 
Emememore importantly, he can think. The conditions for 
problem solving require that the learner be able to recall 
Beeeerelevant rules previously learned. Contiguity of the 
rules that are to be "put together" to achieve solution is 
another important condition for this type of learning. Prob- 
lem solving also needs verbal instructions which stimulate 
recall of relevant rules and "guide" or "channel" thinking 

in certain directions [Ref. 25, Pp. 59, 215-224]. 

The learning of a new intellectual skill is maximally 
facilitated (positive transfer) when there exists prior 
mastery of another intellectual skill called a prerequisite. 
This pair of intellectual skills, one subordinate to the 
other, forms the basic functional unit of a learning hierarchy 
which pertain to the internal conditions of learning. This 
concept provides the possibility of the planning of sequences 
Sees eruction within various content areas [{Ref. 25, Pp. 65, 
Pow —-243). 


Another way to classify learning is presented by Hall in 


his book The Silent Language [Ref. 26]. There are three 
types of learning: formal, informal, and technical. Formal 


learnings are acquired by precept and admonition. The adult 
mentor molds the young according to patterns he himself has 
never questioned. Formal patterns are almost always learned 


when a mistake is made and someone corrects it. Technical 
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learning also begins with mistakes and corrections, but it 
is done with a different tone of voice and the student is 
Offered reasons for the correction. Entirely different in 
Character from formal or technical training, informal learning 
uses a model for imitation. In many cases, activities are 
learned without the knowledge that they are being learned at 
all or that there are patterns or rules governing them. 
Technical learning, in its pure form, is close to being a 
one-way street. It is usually transmitted in explicit terms 
from the teacher to the student, either orally or in writing. 
Often it is preceded by a logical analysis and proceeds in 
coherent outline form. Unlike informal learning, it depends 
less on the aptitude of the student and the selection of 
adequate models, but more on the intelligence with which 
the material is analyzed and presented [Ref. 26, Pp. 63-72]. 
There seems to be some parallel between Gagné's and 
Hall's types of learning. Chaining and verbal association 
@enmee classified as informal training. Multiple discrim- 
ination, concept learning, rule learning, and problem solving 
fall in the category of technical training. Signal learning 
Hempart Of formal learning, while stimulus-response learning 
can be considered as formal learning in some cases and 


technical learning in the others. 
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ere OEE INITICN OF THE PROBLEM 


He has been pointed out in the Introduction that, accor- 
GmmeecO the U.S. Metric Study, going metric was not a question 
See whether’, but of "when" and "how". The question of 
"when" and “how" at the nationwide level has essentially been 
answered by the U.S. Metric Study as presented in the Review 
of the Literature (Section A). Briefly, the answer was: 
the U.S. would change to the International Metric System 
through a coordinated national program over a period of 
ten years, at the end of which the nation would be predom- 
inantly metric. 

At the organizations' level, little answer has been 
proviced thus far. One of the reasons for the delay was 
probably the wait for a congressional decision on the national 
policy concerning the metric system changeover. With the 
exception of a limited number of firms, no organization was 
willing to go metric without a coordinated program and many 
Of them thought that a unilateral conversion to metric 
system would be impossible or too costly for them. 

mermentioned in Subsection II, A.8 (Benefits and Costs), 
mmiembater the start for going metric, the higher the cost. 
This jee the authors the feeling that the expected con- 
gressional decision would come soon or some actions from the 


U.S. industry would lead the way as the British have done 
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under the needs of the situation.* To be prepared for such 
eemeve, each organization should anticipate all the diffi- 
culties or problems it might encounter in the metric con- 
version and start to work for solutions unless it accepted 
Eomrun the risk of higher cost. 

Adoption of the SI Metric System within organizations 
poses two main problems: material and people. 

The first problem deals with such matters as reevaluation 
of engineering standards; replacement or modification of 
weighing and measuring devices, tools, and machinery; manu- 
Mmiering parts, nuts and bolts; updating or rewriting 
plans, specifications, and handbooks, etc... This is a 
problem of physical change. 

The second problem, related to people, requires efforts 
in reducing opposition or resistance to the change of measure- 
ment system and engineering standards, promoting acceptance 
@emot Metric System, facilitating the process of unlearning 
the old system (U.S. Customary) and learning the new one (SI). 

This study is limited to the second problem. It aims 
to enhance a smooth, rapid and economical change in human 


behavior with respect to measurement systems. 





4sust after this chapter had been written, the U.S. 
Senate and the House of Representatives each passed a bill 
"to make the metric system the predominant standard of 
weights and measures in the U.S." The adoption would be 
done in a period of ten years, on the basis of voluntary 
compliance {San Francisco Chronicle, December 9, 197 Sil. 
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As in many kinds of adoption processes, the adoption of 
the metric system would be facilitated by the use of change 
agents who might be internal or external to the organization. 
Thus the problem consists first of selecting change agents 
and their assistants. In order to do that, it would be 
necessary to find out the factors which might help predict 
the best change agents and assistants. 

The problem also consists of establishing a strategy 
for the education of people in the use of the SI Metric 
System. For any organization, time and energy are never 
unlimited. To obtain maximum results from the limited re- 
sources, it would be necessary to set up an order of priority 
for the best use of time and energy. 

In summary, the problem consists of: 

(1) selecting change agents and their assistants, 

(2) establishing strategy for education, 

(3) setting up an order of priority to spend time 
and energy for the adoption of the metric system, 

(Oe close examination of which types of learning 


are most appropriate for the adoption process. 
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IV. PROCEDURE TO COLLECT DATA 


in the selection cf change agents and their assistants, 
the degree of innovativeness and the knowledge of the innova- 
meron might be the first characteristic to be thought of. In 
many studies presented by Mohr [Ref. 21], Rogers [Ref. 23], 
and other authors, innovativeness was measured by the number 
or rate of adoption of the innovation. For the particular 
case of metric system changeover, no data related to the 
rate of adoption were available. Attitude toward the adop- 
tion of metric system has therefore been used as a prediction 
in the study. As suggested by Rogers [Ref. 23, Pp. 148-191] 
and Some other authors [Ref. 21, Pp. 113-119], the other data 
to be collected were related to the age of the respondent, 
hes education level, social status, family income, cosmo- 
politeness, religious preference, social relationship with 
Superiors and subordinates. Cosmopoliteness, a rather abstract 
characteristic, was evaluated through other data such as: 
number of magazine subscriptions, number of T.V. education 
programs watched, frequency and distance traveled. In 
addition, the frequency and need of measurement was believed 
to be related to knowledge of the metric system and attitude 
Poward the adoption. The reason for the respondent's atti- 
tude and the most important obstacles to the metric conver- 
sion, as seen by him, were also studied. The degree of knowl- 


edge and familiarity with the metric system of the respondent 
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were to be tested through a series of nine questions covering 
the sormen metric base units and basic rules of conversion. 
The knowledge about metric adoption in other countries, the 
frequency of handling metric equipment and thinking in 

metric units were considered as important elements of knowl- 
edge and, therefore, included in these nine questions. 
Finally, the need of training for the respondent himself and 
his organization in the use of metric system, as perceived 

by the respondent, was also investigated. 

Twenty four questions, concerning the data mentioned 
above, formed a questionnaire [Appendix B] which was used 
aS principal instrument for the survey. 

About 1800 copies of the questionnaire were sent to 
three schools in the Monterey Peninsula area: Martin Luther 
Peemeewunior High School (KJHS), Seaside High School (SHS) 
and Naval Postgraduate School (NPS), and to a food factory 
in Gilroy, California. The numbers of copies of the ques- 
tionnaire sent out and responses received were listed in 
maioke 4-1. 

At the NPS, the questionnaires were sent to the professors 
and students and responses were received through mail boxes. 
At the Public Work Department (NPS) as well as at other 
@aganiZations, the questionnaires were sent out and responses 
received through the intermediary of the managers or teachers. 
imenrs interesting to note that, with the exception of the 


food factory, the way of sending questionnaires and receiving 
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Table 4-1 Number of Questionnaires Sent Out and 
Responses Received 


Number of Number of Responses 





copies 
Beconization Sentrout Absolute | Percentage 
Quantity 
Pang Junior High 
penool 
- Teachers LO 
=  otudents oe 258 oT 
| 
Seaside High School 280 ! 170 613 
Ro eR ETORED RE | 
Naval Postgraduate | 
School 
-- Professors 80 Sel 39% 
eo cuUdents 840 ya: 37% 
=e Public wHiork 100 42 42% 
meod Factory at Gilroy; 100 oul 31% 
mota 1 1800 815.5 48% 


responses has influenced significantly the percentage of 
responses received. The professors and students at the NPS 
falegnt feel “freer" to respond to the questionnaire when they 
received it by mail than the workers and school children 
who received it from their employers and teachers. 

One hundred copies of the questionnaire were sent to 


a food factory in Gilroy, but only 31 responses have been 
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meceived. One of the reasons for this low percentage of 
responses might be attributed to the fact that most of the 
workers in the factory are Mexicans who could not read and 
write English. 

At King Junior High School, the number of respondents 
constituted a sample of about 50 percent of the students of 
the mathematics classes, from seventh to ninth grade. At 
Seaside High School, the Departments of Math and Science 
have been teaching in the metric system for years with no 
Significant difficulty. So the questionnaire was sent to 
the shop classes which were being taught exclusively in U.S. 
Customary system. 

Students at the NPS were armed forces officers ranking 
from Lieutenant (jg) or First Lieutenant, to Commander or 
Lieutenant-Colonel. It would seem proper to consider them 
aS managers rather than "pure" students. 

Ninety percent of the respondents at the Department of 
Public Works were workers having a high need for measurement. 
Most of them were mechanics, electricians, pipefitters, 
motor vehicle operators, painters and gardeners. 

Respondents at the food factory were mostly engineers, 
managers, laboratory technicians, quality control technicians, 
paeeec lerks. 

In total, there were 52 percent of those who received 
maeequestionnaire who did not respond. Besides the Gait 1 — 


culty in reading and writing English of a number of workers 
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and young schoolchildren, no other reasons (as to why they 
did not respond) could be seen or inferred. Some respon- 
dents mentioned that those who were indifferent to the metric 
adoption would tend not to respond. This seemed to be un- 
founded since the percentage of those who answered as "neutral" 
to the question about attitude appeared to be quite high 
(37.7%, compared to the average of 20% for each of the five 
choices). There may have been some negative self selections 
of non response. However, the percentage of those who did 
respond (48%) was regarded by many people as relatively high 
femme nis type of survey. 

To prepare for computer processing, the data were coded 
as described in Appendix C. 

In addition to the written questionnaire, personal inter- 
views were conducted with some managers and school teachers 
Bemobtain information about the organizations and their 
problems in going metric. 

Data and information collected from the questionnaire 


pmamimterviews are analyzed in the next chapter. 
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V. ANALYSIS OF DATA 


The data collected was processed using the Statistical 
Package for the Social Sciences (SPSS) [Ref. 27]. Raw 
scores (coded as described in the last chapter and Appendix 
C) as well as standard or Z scores (converted from raw 
scores by using SPSS CONDESCRIPTIVE subprogram) were used in 
the process. Two types of analysis have been done: factor 
analysis with VARIMAX subprogram, and multiple regression 
with REGRESSION subprogram. 

The data file (named METSVEY, N=855) was divided into 
four subfiles: 

weeeetiohn School Student (HISCHSDT): Students at King 
Junior High and Seaside High (N=428). 

(2) Educator (EDUCATOR): Teachers at high schools and 
professors at the Naval Postgraduate School (N=41). 

(3) Business (BUSINESS): Managers and workers at the 
food factory in Gilroy and at the Department of Public 
Works, Naval Postgraduate School (N=753). 

(4) NPS Student (NPSSDT): Students at the Naval 


Postgraduate School (N=313). 
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A. DEMOGRAPHIC VARIABLES 


ie sex. (Sex of Respondent) 






All HS Student | Educator 


Female | 21.9% 21310 Us ZG 24.7% 


2. Age (Age of Respondent) 


Age All Po Seua, Eaucator Business NPS 
Stud. 





















18 or less 99.83 -— ee | -— 
i - 25 0.22 2.5% : Gaerne | 4.5% 
26 - 35 | 34.6% -- 30.00. | 19.4% | 86.2% 
{ 
eS j 
eo — 45 7.0% -- 45.03 | Pe. 1s S23c 
46 or more 4.8% -- 22 os 44.4% -= 


yak 





Pee eaucacion (Last Year of School Completed) 


| stua, Educator Business 
a= [os 
Post,Grad. 


2s 
Bee Occupation (Occupation of Total Sample) 





Education 
Level 


NPS 
GR She bkel. 












[Lon SenoOd  otucent 50.1% 


Peete SCNOOd leecher 1.3% 
-- Worker 6.0% 
ee Manager Da, Ps 
ee LOresso., Siapey 
ie oo Eugen’ 36.8% 
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5. Income (Annual Family Income) 


Income , Educator Business NPS 










Po vi00-5 4999 





mo 00-56999 


pe o00-59999 


710,000-$14,999 





ms, 000 and over 56706 eco re 87.82 49.3% 76.13 


a 9 ene ee ce ee em en ee Am em = ee eu cS ee a Se ee 


6. Religion (Religious Preference of Respondent) 





Religious Ro NPS 
Preference 7S Glad Stuay: Bovecater Business Stud. 


Protestant AOL 2ow aoe 50.0% 28.6% 54.33 


Catholic 332.76. 382.65 Ixia yen Oe 28.0% 


Other 


aa 


82 
~ 83 e 


No Preference 12.6% 82 20.0% | 25.4% | 14.13 


ti 
Bs 
sr 





pee keoULTS 
1. Attitude (Toward Metric System) 
A frequency distribution of responses ona five- 
point scale of attitude toward using the metric system gave 


the following results: 

















Educator Business 





Attitude J ISL HS 


wee otrongly 
against 


fy eMildly 
against 


(3) Neutral 


(4) Mildly in 
mavor 19.13 


Meyeeotrongly in 
fa vOr 26426 


2. Knowledge (Of Metric System) > 
A ten-item quiz formed the major part of the ques- 


miennaire (See Appendix B). The correct answers to these 





Note how both attitude and knowledge differ from the 
ISR resuits on pages 26 and 3l. 
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questions were added together and gave sums ranging from 

10 to 42. These final scores (names METKNLGE: metric 
knowledge) were used as raw scores and were converted to % 
Seeres for future analysis. In the following table they are 


Classified in subgroups: 











pleore on HS NPS 

Me quiz All Scud. Educator Business | Stud. 

Very low 

eo) 5) ake Tis PL oY Oita 53.4% Sig SR 
$ f = ee ae Eanee ye Me die ate = 
) | 

Mewe(16-20) | 15.7%} 16.5% 14.6% 20% 55 Wom to 
| 







Average 







21-25) A.1% Is Bees 
{ 

Very high 

fo 36) 10.7% 5% ‘ 22 

ow EEE EEE EE 

Highest 

(37-42) oe 20.4% 


3. Measurement Need 
Respondents were asked how often they measured things 
in their work. This was an attempt to tap their need for 
any kind of measurement system. (Presumably a carpenter 
would have a greater measurement need than a philosopher.) 


Responses were categorized as follows: 


fhe. 





Response 





4, Perceived Need for Training 
Respondents gave the following impressions of their 


perceived need for training: 











Response All nS | 

SUG. | SeUMols 
Nome or | 
iaet le ee 254 8S | Saye). So 24.3% 





some 44.8%} 37.5% DAO DOr SoG 
ma great 
deal 


5S. Social Relations with Subordinates or Superiors 






Still another way of assessing cosmopoliteness was 
to ascertain the degree of informal social activity of 
respondents with their subordinates or superiors. The raw 


data fell into the following categories: 
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6. Reading 
Also considered to be related to the degree of 
cosmopoliteness of the respondent is the extent of his 
reading which was measured by the number of magazines the 


respondent subscribed to regularly. 


a 





Number of is NPS 
Magazines All Scud. Eauearer Business Seve 







30.48% 6.2% | 


Eeor . 6 6.0% bE0 






oo 


~ 
~ 
rey) 


7 or more Sas 


wy) 





7 a ae Programs 


The number of education programs the respondent 
watched on T.V. each week was also used to assess his 


cosmopoliteness. 


Number of Hs NPS 
Programs All Seuce Educator | Business Sia ee 
None 43.2% ee eel 3 42.2% 38.1% 
; 
or 2 25,98 |) ASN 37.88 BC OA ne: 
3 or 4 ibe ‘= 14.4% 16.2% 15, Ge 12.2% 


a 


peor more 25 ee 1.73 


ee 


eer lrraveling 
Traveling was the last data used to estimate the 
degree of cosmopoliteness. The respondent was asked how 
often he travels out of town, out of state, and out of 


Seuntry . 
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Responses 





















Sometimes out 


of town 17.383 


eA 





Sometimes out 
of state or 
@ecen out of 
town 





Sometimes out of 
@euntry or often 
out of state 


Smee) Out of 
Country De.O5| oe 2.4% Si ele or 0 


ao 


C. TREATMENT OF RAW DATA 

The analysis of these scores required comparing across 
variables. Raw scores were thus converted to standard (2) 
scores on interval or ordinal dimensions. Nominal data 
was reduced to presence or absence of a score (e.g. rele GiOm) x. 


Age was left in raw score form. 


DD, FACTOR ANALYSIS 

It was of interest to the authors to obtain a global 
view of how many factors would account for the total variance 
of the list of variables and to what extent would the 


individual variables "load" onto those factors. 


fee, 





Traditionally the respective eigenvalue indicates the 


variance accounted for by each factor and is determined by 
n 
2 ; 
as5 where a,.° is the factor loading. The proportion 
j=l a 
Seecotal variance accounted for by a factor is 
es 
2 
j=1_7* 
n 


Using the Statistical Package for the Social Sciences (SPSS) 


the following results were obtained: 







ist of Percentage of 







Factors Eigenvalue Variance 
46494 30.8 
ae L P65 7 14.6 
ce LT 0532.6 besa. 2 
ry 0.87776 | Tine 
V Oe7 7323 Sea! 
VI Oe ras 7 Seo 
VEN OF60629 Teb 
VoL 0.34365 4.3 


* Considered Significant 


After 13 iterations the rotated factor matrix showed the 


following loadings of the variables upon the three Prine eal: 


laecors: 
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Pactcor, | loys eh ale » aaumen Bab Facteo.n. Lit 


Education 0.85206 Olen Say O03 26 
Income 0.67734 Or 0596 / 0.07488 
Religious Preference 0.03481 0.00859 OS 7.370 
Reading OSES 8) OT Veg o2 =O 32 56 
tay. Program 0.00784 O22 26073 OO GO L6 
Traveling 0245754 O2 10025 0.05284 
Measurement Need Ome 5729 0.42928 OPS ONS IE 
Social Relation OF vO 52a OES) SACO 0.03830 


Tt will be noted that, when taking the entire sample 


weer che analysis: 


- education, income and reading loaded the most heavily 


Smeractor I. 


~ measurement need and social relation loaded heaviest 


eemeeaetOr Li. 
- religion loaded heaviest on Factor III. 


However, it seemed prudent to break the sample into 


Subfiles of interest. 
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Variables Accounting For More Than Forty 
Percent of the Variance of Three Principal 





Factors 
Subfile Bactor.) | Beecror air Ieeveneoue iC ILA 
Education Measurement Religion 
need 
HS Student Income IV Program 
Traveling 


Education SOcCialk Reading 
Relation 





Educator ee 


ioe rogram 





Education Religion Measurement 
Need 
Buslness Beecs | 
Relation 


Reading 


NPS Social Reading Religion 


Student Relation 





(see Appendix D for detailed values) 


When age was introduced as a raw score, three factors 
again assumed eigenvalues of over 1.0 for the entire 


mopulation. 


After 11 iterations, the rotated factor matrix showed 
the following loadings of the variables upon the three 


meancipal factors: 
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Factor ££ PaGtorm i. Factor Lil 


Age OFT Gos 0.09630 0.06887 
Education 0.90348 0.16094 0.10768 
Income ORO 9 CS 0.07364 0.04660 
Religious Preference Oy, OSeiol OOO 72 Os Suspshsil 
Reading Ono 520 5 OH Le Bus -Q0.30245 
fev. Program 6-006 70 0.29654 =O 20iG4 2 
| Traveling 0.42235 Ory io OR 02200 
Measurement Need Qezoe 0! 0543562 050391035 
Social Relation 0, a as 0.47611 0.04040 





This showed that age loaded heavily on Factor I. 
Breaking into subfiles, it loaded on Factor I and II as 


follows with age as a listed variable: 


===, 





——<—$<$<<— $s 


Subfiles RaACEO? wi BPactorul 
HS Student Heaviest 

Educator Negative Heavily 
Business Heaviest 


NPS Student Heaviest 


Factor analysis, then, has helped to isolate which varia- 


bles will probably be the best predictors for selecting change 
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agents as well as describing the stronger elements of 


cosmopoliteness within this sampled population. 


fee ULTTPLE REGRESSION ANALYSIS 


The authors proceeded to look at the effect at these 


variables upon attitude toward the metric system and knowl- 


edge of the metric system. 


(These had to be separate runs 


with attitude and knowledge as distinct dependent variables 


of interest.) 








1. Attitude Toward the Metric System as the Dependent 
Variable 
eubfile Tndependent Beta Giz F 
Variable 
I 
ees : 7 
HS Student! Age 07 1 see 0.059 | 
Income eo Leoee | 
Bavueat1 on 705 0, 134) nee | 
ie m Signi- 
Religion Cs Odes eo ome : 
Reading Od 02256 | 
Measurement 
Need les 5.910 ="Ss tonal = | 
cant @ 
O25 | 
level | 
Baucator Age -.08 i rae es: Orb 6 
Income 14 Op 
Education -.02 0.007 
Religion ea0 Cees: 
Reading Mois: 5.284 e2gn ea 
. F cant @. 
easuremen 
Need 09 Wegs ooo 


8 4 





Subfile Independent Beta Gis F 


Variable 

Business Age eee i S22 eon Ou 
Income =.01 0.007 
Education Ae, 2 2 Seen 
Religion AG sy a 
Reading sree 5 Ba 29 level 
Measurement 
Need 0 0.645 


Meo otudent Age 
Income 


Education 


Religion 


Reading 


Measurement 
Need 





Entire Age =a 2d lL, 555>216.916 = ew 
—.° Income -.10 505d) = Graz. 
Education ~45 $1. Oss CeO: 
Religion 08 4 oui, = Eee 
Reading 06 LoCo 
Measurement 
Need 5 EOS Be GO 





Note: In the last subfile for the "Entire Profile, ~ ese 


phrase “significant @ .xxx level" was abbreviated 


memiead | @ .xXxxX 
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2. Knowledge of the Metric System as the Dependent Variable 





Subfile 


HS Student 


Educator 


Business 


Independent 
Variable 


Age 
Income 
Education 
Religion 
Reading 


Measurement 
Need 


Age 
Paccme 
HOuUGat. en 
Religion 
Reading 


Measurement 
Need 


Age 


Income 
Education 
Religion 
Reading 


Measurement 
Need 


Beta 


gS 
= he 
50) 2 
0 


oe 


30 
woe 
a0 
“09 


= 


Pe 


Bo, 
wee 
= bs 


Ob 


oe 
Le oS 
Lie 45)2 


70 
9.644 
Dio Oe 
Ore OZ 
2077 


Ped Wie: 


4.630 
Sao 
Le ba 
0.494 
Ono 


oe Sai) 


6.436 °—,6 


O62 


SO O60 a me 


2. 150 
1.074 


0002 


“OPE 
OZe 


| 

eS | 
| 

| 

| 

0i28 
nO es: 
| 


wO23 





Subfile Independent Beta (Ga ee F 


Varlable 
MPS Student Age ele, P2290 7 FeG Te eG 
Income 04 O:.-4 2 
Education 205 0.874 
Religion iG go 1 Je Coe Onl 
Reading Ao 4) IEP cio) 
Measurement 
Need 6 120d 7 sie Seon 
Eat ire NGS Sako 1, 555 1029395230 20m 
a Income 03 0.493 
Education oD 136. 603 >=" Geol! 
Religion 09 6.690 = Cae 0T 
Reading 06 7s se) 
Measurement 
Neea ole papers c ie = OIE 
Note: In all subfiles, the phrase "Significant @ .xxx 


poet 
e 


level was, aobreviated to read "@ .xxx 


It is felt that when we are looking for internal change 
agents and change agent assistants within organizations and 
we are chiefly concerned with their attitude toward the 
meric system, we would pick those high on need for measure- 
ment among high school students; higher level of reading 
among educators; higher education level among businessmen; 
and greater need for measurement, lower income, and no 
preference for religion among NPS students. For the entire 


population, the factors which would seem to predict more 
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effective selection are education, age (negative), measure- 
ment need, income (negative), religion (no preference). 

When knowledge of the metric system is the key focus, 
income and education (negative beta) are of prime importance 
with high-school students; need for measurement and age are 
most important to educators; age (negative) and education 
to businessmen; and religious preference, need for measure- 
ment, and age (negative) to NPS students. To the entire 
population, the most important elements are education, need 
for measurement, age (negative), and religious preference. 
These indicators for selection are summarized in Table 5-1. 

Among these variables, education appears to be by far the 
Most important in predicting both attitude toward and knowl- 
edge of the metric system. In the subgroup NPS Students, 
Moewevyer, it is of lower importance. This might be explained 
by the fact that most respondents of this subgroup have been 
grouped in the same level of education (college graduate). 

In the subgroup Educators; beta weight was relatively high 
(.30) but the F factor was relatively low (1.274) for knowl- 
edge. The negative beta weight of this variable in the 
Subgroup HS Students (relating to knowledge) seems to be 
inconsistent with its high positive beta weight in the entire 
Pepulation. It should be recalled that -thwvs- subd -oup cen. 
Sists of two components: the King Junior High School students 
of the math classes who are being taught partly in the metric 


system, and the Seaside High School students of the shop 
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Table 5-1 


Subfile 


HS Students 


Attitude 


Measurement 
Need 


Indicators for Selection of Change Agents 


Knowledge Common to 
Attitude and 


Knowledge 


Income 


Education (-) 





Educators 


Business 





NPS 
Students 


Entire 
mrotile 


Notes: 1. 


Reading 


PauGat Lon 


Measurement 
Need 


Income (-) 


Religious 
EReLerence 


Education 
St Sas Ga) 
Measurement 


Need 


imecome (—) 


Religious 
Preference 





Measurement 
Need 


Age 


Education 


AGe (=) 


Education 


Age (-) Measurement 
Need 

Religious Religious 

Preference : Preference 

Measurement 

Need | 











Education Education 
feasurement Measurement 
Need Need 

AGS Ue” Age aCe) 
Religious Religious 
Preference Preference 


Six of these variables are significant at the 


.05 level, 


at the 


six at the 


.01 level. 


.025 level, the remainder 


Negative signs in parenthesis are those of the 


beta weight. 
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classes who work almost exclusively with the U.S. Customary 
system, and possess a lower knowledge of the metric system. 
(This holds even though they are at a higher level of 
Semeation than that of the King Junior High students.) 

Age can be considered as the second most important 
variable. With the exception of the subgroup Educator, it 
has a negative beta weight in all subgroups (not listed in 
Table 5-1 for HS Student because of the low F factor) as 
well as in the entire population with regard to knowledge 
of the metric system. An explanation might be found in the 
fact that the metric system has been introduced only recently 
in the U.S. schools and younger people have obtained more 
knowledge of it than those who left school earlier. For 
Peewecocucators it is different. Almost all of them (97.6%) 
are over 26 years of age and might have acquired their knowl- 
edge of the metric system from continuing education (a need 
memmeeyeir teaching in metric) rather than from school. It 
seems logical that this knowledge increases with age. With 
this exception, the negative beta weight of age seems to 
justify one of Rogers' hypotheses which states that: "earlier 
adopters are younger in age than later adopters” {Rer. 23, 

P, 172]. Knowledge of the metric system (now in the U.S.) 
is here regarded as a measure of innovation adoption. 

The need for measurement is also important as a 
predicting variable for all subgroups, except the business- 


men where the need for measurement is Chanlacopanls: ovina Boe 
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need to measure might create in the respondents an interest 
mieene metric system. Measuring in turn, may help this 
sample to learn the metric system and possibly to like it. 

Income has a positive beta weight in the subgroup 
HS Students, but a negative one in the subgroup NPS Students 
and in the entire population. For the latter, it seems to 
act like age does (discussed earlier). This can be ex- 
plained by the fact that the NPS Students in general, have 
their age, rank and income increase in the same direction. 
For the entire population, most of the older respondents 
are professors, managers and high ranking officers having 
imener income. It is also noted that the correlation coeffi- 
cient between income and age is quite high (0.47). 

timer last variable to be considered, religious spre- 
memence, has a very low beta weight in the entire profile, 
and a moderately low one in the subgroup NPS Students (.16 
and .12). This indicates somewhat the relationship between 
no religious preference and cosmopoliteness as pointed out 
by some authors. 

Taking into consideration the correlation coeffi- 
cients and beta weights of these variables, it can be said 
that attitude toward the metric system is quite predictable 
by education, while knowledge of the metric system oh 
fluenced by the combination of education, age, need of 


measurement, income and level of outside reading. 
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It is also of interest to note that between attitude 
toward and knowledge of the metric system there exists a 
correlation coefficient (0.493). 

Four possibilities of a causal effect might be 
assumed: 

(1) positive attitude leads to more knowledge and 
negative attitude leads to less knowledge. (i.e. people 
know about the metric system because they like it, or they 
do not know much about it because they do not like it.) Or, 

(2) knowledge Ae cere attitude (i.e. people 
like the metric system because they understand it, or they 
do not like it because they do not understand it), or 

(3) attitude and knowledge have a reciprocal causal 
Peemect {i1.e. "both (1) and (2) above are true"), or 

(4) as attitude and knowledge are both dependent 
Pemmables, their correlation coefficient 1s merely due to 
their close relationship with the independent variables, 
Peeecially with education (i.e. "all the above are false’) . 

It seems difficult to determine the nature of this 
relationship. However, based on the reasons given by the 
respondents to explain their attitude toward the adoption 
of the metric system (question 13 of the Questionnaire, 
Appendix B), it is found that many respondents, mostly 
high school students, said that they were against the metric 
adoption because "it is too complicated", or "I do not 


know anything about it". On the contrary, Many others, 
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mostly educators and NPS students explained their favoring 
Seetne adoption by saying that "it is quite simple and 
rational", or “the rest of the world has adopted it", or 

"to avoid being isolated from the rest of the world" (re- 
calling that knowledge of the percentage of countries in 

the world that have converted to the metric system — question 
14 of the Questionnaire — was included in the knowledge of 
the metric system). For these respondents, who constituted 

a large number, Assumption 2 (knowledge is the cause) seems 
to be supportable. 

Finally, as mentioned earlier, personal interviews 
were also conducted with some high school teachers and 
managers. 

Some teachers of mathematics and sciences at Seaside 
High School said that they were teaching almost exclusively 
mime metric system. The only problem seemed to be once 
leaving the class, the students would "switch" to the U.S. 
Gustomary system for other classes or for their everyday 
life needs, and saw almost no application of what they had 
learned. The teachers at the shop classes ~ which were 
taught exclusively in the U.S. Customary system — stated 
that the main problem lay in the providing of necessary 
funds to purchase new tools and equipment, rather in the 
fearning process. 

At King Junior High School, some teachers of mathe- 


matics found that it would be easier and faster to teach the 
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school children directly in the metric system (for example 
to show them a meter ruler and tell them to measure things 
with it) rather than to go through the tedious work of 
training them in the conversion of one system to the other. 
If measurement systems can be considered as a "language", 
MmienabOove concept seems to justify the "direct method" 
feeely used in linguistics. 

Hermie £O00d factory in Gilroy, the problem con= 
Sists of — as presented by some managers —- replacement of 
tools and equipment (agricultural and manufacturing) and 
training of personnel. Training does not seem to be very 
difficult to them since most of its engineers and techni- 
Cians, mostly the younger ones, have learned the metric 
system at schools and have obtained enough experience in 
the conversion to metric wnits during the manufacturing and 
Packaging products for export. 

In summary, the returned Questionnaires from the 
sampled population seem to indicate trends which, along 
with literature published by researchers in the field of 
innovation diffusion, may be used to construct a model to 


speed the adoption of the metric system in organizations. 
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VI. CONCLUSIONS - SUGGESTED MODEL — 
RECOMMENDATIONS FOR FUTURE RESEARCH 

With the results of the analysis of the data, the infor- 
mation provided by the U.S. Metric Study, and the theories 
on innovation and learning process, as reviewed earlier, the 
authors can now proceed to formulate a suggested model to 
be used for the selection of change agents and change agent 
assistants, and a strategy for the education of people in 


the use cf the SI metric system. 


Peo uisCTLON OF CHANGE AGENTS AND THEIR ASSISTANTS 

Internal change agents can be selected from members of 
the organization. In schools, they may be selected among 
the educators, and their assistants may be chosen from the 
students. In firms, change agents may be selected from 
Managers and engineers, and their assistants from the super- 
visors and workers. 

The change agents should have relatively high knowledge 
preine metric system, and preferably a favorable attitude 
toward it. In general, they can be selected from those who 
have: 

- high level of education 

- great need in measurement 

- younger age 

- no religious preference (see Table 5-1) 

(For the educators, the factor of age should be replaced by the 


extent of external reading and continuing education as predictors). 
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In the selection of change agent assistants, the factor 
attitude might have to play a more important role. Although 
attitude and knowledge have almost all factors in common for 
Emwewentire population,in the group of students, (high school 
and NPS) attitude is characterized mostly by the need for 
measurement. In the subgroup Business, attitude is indicated 
almost exclusively by education, while knowledge is influenced 
more by age. Change agent assistants can therefore be se- 
lected among students having great need in measurement and 
workers having a high level of education. 

As pointed out by Rogers, opinion leadership is also an 
important factor in the diffusion of innovation. For a 
general strategy of change, Rogers recommended that "change 
agents should concentrate their efforts upon opinion leaders 
mmecne Carly stages of diffusion" [Ref. 23, Pp. 254-282]. 

Tf internal change agents are to be selected, they might be 
chosen among opinion leaders. 

/mmsummary, the factors to be used in the selection of 
change agents and their assistants are: 

-~ high level of education 

-~ great need in measurement 

- younger age (or reading and continuing education for 

the educators) 

- absence of religious preference 


- high opinion leadership. 
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B. STRATEGY FOR EDUCATION 

To promote a rapid and economical adOptieneof sttemsmecr ie 
system, a strategy for the education of people may be worked 
out by finding the answer to the following questions: 

- What is the most efficient priority in spending time, 
energy and money for the education? 

- Which types of learning are most appropriate for the 
Peeption process? 

- How may one make the best use of change agents and 
their assistants? 

ee wnat actions should be taken in each stage of the 
e@@pcion process? 

me Order of Priority 

mo ecCeSOUrCes in any organization are lamited pase 
seems appropriate to determine an order of priority for 
Meer Utilization in the adoption process. 

Lt is believed that this order depends mainly on two 
factors: attitude toward and knowledge of the innovation. 
Meang these factors to form a grid, the order of priority 
may be given as indicated by the numbers in the boxes on 
the following page (1 has the highest priority, 6 the 


lowest). 


Those who have some knowledge of the innovation but 
Meenagainst the adoption of it should be given least effort 
and energy in the adoption process because they might have 


the highest resistance to the change and lowest probability 
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Low Knowledge High Knowledge 
of the of the 
Innovation Innovation 


Positive 
Attitude 
Toward 
hic Neutral 
Innovation 

Negative 





of attitude change. However, if they were active in influ- 
Beae@ama people's opinion, their opposition might hinder the 
Meepcion process and neutralizing efforts must be employed. 
Rogers et al feel, however, that with normal conditions it 
Memeest tO ignore this group. It is also found that those 
with little knowledge of the innovation and strong negative 
Beertuge (group 5) require an inordinate amount of pro- 
grammatic energy for attitude change. Those with positive 
attitude and high knowledge of the innovation (group 4) 
are presumably "won over" and require only supportive atcen] 
tion. Those with low knowledge of the innovation but neutral 
meemende (group 2) or positive attitude (qreoup 3) akegcon. 
sidered to have the highest likelihood of change [Ref. 23, 
Pp. 242-248). 

To predict who may be found in each segment of this 


matrix one may use the information gathered earlier in this 


study. 
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Within the subfiles which were observed in this study 
the following priorities for attention could be constructed: 
Group 1 (higher knowledge, neutral attitude) 
HS Students: higher income, junior grades, moderate need 
for measurement. 
Fducators: highest need for measurement, higher income 
and age, moderate outside reading. 
Business: younger, lower income, no religious preference. 
NPS Students: younger, middle income, no religious 
preference. 
Group 2 (Neutral attitude, lower knowledge) 
HS Students: lower income, moderate need for measurement. 
Educators: younger, moderate outside reading, low need 
£O~G measurement. 
Business: older, religious. 
NPS Students: older, middle income. 
Group 3 (Positive attitude, lower knowledge) 
HS Students: highest need for measurement, older, low 
income. 
Educators: youngest, highest level of outside reading. 
Business: religious, older, least outside reading. 
NPS Students: older, lower income, higher need for 
Measurement. 
Group 4 (Positive attitude, highest knowledge) 


HS Students: youngest, higher income and need for 


measurement. 
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Educators: older, higher income, highest need for 
Measurement. 

Business: most educated, youngest. 

NPS Students: younger, no religious preference, highest 
need for measurement. 


Group 5 (Negative attitude, lower knowledge) 


HS Students: older, low income and need for measurement. 


Educators: younger, less outside reading. 
Business: older, less educated. 
NPS Students: low need for measurement, older. 


Group 6 (Negative attitude, higher knowledge) 


HS Students: lowest need for measurement, younger. 
Educators: older, least outside reading. 
Business: younger, less educated, no religious preference. 


NPS Students: younger, religious, higher income. 

It must be noted that these are but predictors. 
However, it is posited that these characteristics can be 
used to identify subpopulations of interest and to place 
these groups into a priority of effort expended for maximum 
adoption. 

fee types Of Learning Involved 

The metric system has a consistent naming scheme 
(using a set of prefixes) geared with decimal hierarchy of 
fties related to each of the six base-units or to the derived 
units. The whole coherent, rational and simple system can 


be summarized in Figure 6-l. 
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Base Units Derived Units 


i eames Te ee 
Meter ek lOgirama. cen Newton Pascal .... 





Mega 
ei Ke: ye 
Milli 
Micro 


Fig. 6-1 The Metric System Naming Scheme 


Using the insights from Gagné the following items 
Should be noted: 

a. Verbal associations: In the act of measurement 
and weighing, verbal associations are necessary in memorizing 
the size of each unit. 

b. Linking of verbal associations: In order to 
group verbal associations into the same column, linking 1s 
an intermediate but necessary level of learning. 

c. Chaining: The ability to group linkages will 
enable the learner to discriminate between rows or columns. 

d. Multiple discriminations: In order to ears Claas 
inate among prefixes and base units or derived units the 
learner must be able to make use of groups of previously 
leanred chainings. 


e. Principle and concept learning: It is felt 


that these levels of learning in measurement (1.e. mastering 


HROelt 





of the ideas of length, volume, mass, etc...) will probably 
have been reached during the learning of our traditional 
measurement procedures, 

£. Problem Solving: According to Gagné this level 
of learning requires mastering of each of the previous levels 
and will, of course, be evidenced only by the ability to 
successfully measure using metric base units and derived 
Pima tS . 

All six of these levels of learning must be included 
in a training strategy and must be ordered in such a way 
Paesa particular level of learning will follow upon pre- 
viously mastered prerequisites. 

Managers will, of course, establish their own pri- 
orities for which subgroup needs the greater amount of tech- 
nical training. Less intense training may be in order for 
the remainder who are less involved with measurement activities. 

Reinforcement of these particular learning levels 
may be achieved by providing reading materials to those already 
identified as active readers, providing financial incentives 
where noted it will probably be of more importance. 

3. Use of Change Agents and Their Assistants 

As change agents and their assistants, together with 
Spinion leaders, play an important role in the diffusion and 
Meeocion of innovations, they should be used to the full ex- 
tent in the two-step or multistep flow of new ideas from 


sources to the followers [Ref. 23, Pp. 208-247]. If the 
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change agents are themselves opinion leaders, they can act 
uniquely and directly as a link between outside sources of 
information and the followers in the organization. If they 
are not, it would be better for them to work through opinion 
leaders. In an innovation-resisting organization, change 
agents might have first to gain support from top management 
as well as from outside and inside sources, 

Although the "right time" (crisis) would come when 
the U.S. Congress promulgated a national program for metric 
conversion, change agents might accelerate the adoption by 
generating more perceived crises in the organization. 

Change agents should convince the followers, or at 
least the opinion leaders, of the need and advantages of 
the changeover, and the disadvantages of not going metric or 
changing too slowly (keeping in pace with others, competition, 
more cost, ...). They should help the planners to minimize 
the cost of the change which is one of the most important 
obstacles (financial initially but psychological by 
consequence). 

The role of change agents in each stage of the adop- 
tion process will be described in the next subsection. 

4, Actions To Be Taken In Each Stage 
a. Awareness Stage 
Appropriate mass media should be used to niga (Cua dias 
tate the flow of information from outside sources into the 


organization. The tactics of "abundance" might be useful in 
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gaining attention of the followers. Change agents can help 
in selecting and using mass media, in finding appropriate 
external sources of information. 
b. Interest stage 
As the individual becomes interested in the 
metric system, and seeks additional information about it, 
adequate means should be provided to him to reach this goal. 
Booklets, magazines and other documents about the metric 
system might find their use here. 
c. Evaluation stage 
While the individual weighs the advantages and 
disadvantages of adopting the metric system, the internal 
change agents, their assistants and other opinion leaders 
play a most important role as localite and personal (face- 
to-Lace) information sources. Here the simplicity, rationality 
and coherence of the metric system should be stressed. 
a. Trial stage 
The trial usually 1S a°test on a smati cea: 
Maetaibility is an important characteristic that influences 
the adoption. The metric system is a quite coherent one 
and its mastering can be divided into separate components. 
Change agents and their assistants should assist by designing 
trials which take advantage of the divisibility of these 
adoptions. 
Sea COPelon Stage 
Even ween success on a smaller scale, the guidance 


of change agents is still needed for full scale adoption. 


104 





Their effort should help the followers to continue the adop- 
tion. Reward schedules are most important at this stage to 
maintain the learning achieved. Intrinsic rewards of the 
Simplicity of the metric system should be highlighted. 
Accelerated promotion and other tangible, extrinsic rewards 
should also be considered. 

It is felt that the above observations will 
assist organizations in assigning priorities to educational 
efforts, selecting change agents and designing training 


strategies for the speedier adoption of the metric system. 


fee) FOR FURTHER RESEARCH 

1. Like any model, the above is just a simplification 
of the real world, based on limited data and theories. In 
@eeer to check and improve its validity, the model should 
be tested against a control organization. Feedback would 
help to streamline the model during its application. 

meee in this study, attitude and knowledge have been 
considered as two most important factors in the adoption 
process of the metric system. Their relationship was found 
to be relatively strong and was assumed to be a causal effect 
in which knowledge seemed to determine attitude. It is of 
interest to search for its real nature and to justify this 
assumption. 

3, Like most organizations in the U.S., none of the 


organizations selected for this survey has adopted the metric 
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System. Adoption has been therefore estimated by attitude. 
fiecemignt influence the results of the study. As a national 
program for metric conversion will be promulgated soon, 

more adoption will be expected among the organizations. 

Data on the rate of adoption might then be available and 
should be used to meaSure the speed of adoption. This would 
contribute to the validity and reliability of the model. 

4. Cost effectiveness study of programmatic versus 
"natural" adoption program has been done at the national 
level. It needs also to be done at the organizational level. 
As there have been some indications that the metric conver- 
sion in the U.S. would be implemented on voluntary compliance, 
Many organizations might choose the "natural" way to go 
Meerrc without considering cost effectiveness. 

fee finelly the distribution of respondents in the 
Survey was somewhat unbalanced. The small number of respon- 
Gents from the private sector might distort the result and 
would not reflect what we desired to know about this sector. 
In order to give the model a broader spectrum of application, 


more surveys in the industrial and business sector 1s 


recommended. 
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APPENDIX A 


RULES FOR fips OF Viet ol METRIC UNITS 


ISO Recommendation R 1000 February 1969 
(Annex Omitted) 


RULES POR THE Usk Cl UNITS 
OF THE INTERNATIONAL SYSTEM OF UNITS 
AND ASS be LION 
OF TEE VOL CIMAL. MULTI PRES AND SUB-MULTEPLES 


OF Thies Unis 


le SCOPE 


This ISO Recommendation gives rules for the use of units of 
the International System of Units and for forming and selecting 
decimal multiples and sub-multiples of the SI units for 


application in the various fields of technology. 
2. GENERAL 


meee The name Systeme International d'Unites (International 
System of Units), with the abbreviation SI, was adopted 
by the llth Conférence Générale des Poids et Mesures 
shot ILS ee 


The coherent units are designated "SI units". 


Oy 





2.2 The International System of Units is based on the 


following six base-units. 


metre (m) ampere (A) 
kilogramme (kg) kelvin (K) 
second (s) candela (cd) 
as units for the base-quantities: length, mass, txmer 


electric current, thermodynamic temperature, and luminous 


matensity. 


2.3 The SI units for plane angle and solid angle, the radian 
(rad) and the steradian (sr) respectively, are called 
Supplementary units in the International System of 


nats . 


2.4 The expressions for the derived SI units are stated in 
terms of base-units; for example, the SI unit for 
velocity is metre per second (m/s). 

For some of the derived SI units special names and 
symbols exist; those approved by the Conférence Générale 


Ges Poids et Mesures are listed below: 








Quantity Name of Symbol Expressed in terms 
Si Wiraie of basic or derived 
ot We 
ih 
frequence hertz BZ l1Hz= 1s 
2 
force : newton N 1 N = 1 kg-m/s 


work, energy, 
quantity of heat joule J 1 J = 1 N-m 











Quantity Name of Symbol Expressed in terms 





Suib Uiguiece of basic or derived 
SHER bigalie 

power watt W 1We=il1 J/s 
Sueancity of 
Perec tricity coulomb C 1 C= 1] A-s 
electric potential, 
potential differ- 
ence, tension, 
electromotive force Ve le V 1V= 1 W/A 
Prectric 
capacitance farad F 1 F = 1 A-s/V 
electric 
resistance ohm i: 1% = 1 V/A 
flux of magnetic 
induction, magnetic 
fee 1X weber Wb ] Wb =7i eves 
magnetic flux 
density, magnetic , 
emeuct lon tesla T 1 T = 1 Wbh/m 
inductance henry H 1H = 1 V-s/A 
luminous flux lumen lm ). Im = ired=c 
; 2 
illumination das 1st 1 ix = 1 Im/m 


i 


It may sometimes be advantageous to express derived units 
in terms of other derived units having special names; sone 


Pxample, the SI unit of electric dipole moment (A-s-m) is 


usually expressed as C-mM. 
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2.5 Decimal multiples and Sub-multiples of the SI units 


are formed by means of the prefixes given below: 


eee 


Rector by which the 


wit is multiplied Prefix Symbol 
eee 

ie tera Ait 

10° giga G 

iL mega M 

lo kilo k 

‘Voie hecto h 

10 deca da 

10+ deci d 

io - centi e 

nm > milli m 

10° micro Ul 

io” nano n 

107+? jenusle: p 

101° femto 

10°78 atte a 





mie Symbol of prefix is considered to be combined with the 
Mire symbol to which it is directly attached, forming with 
iema new unit symbol which can be raised to a positive or 


negative power and which can be combined with other unit 


symbols for compound units. 
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Se hULES POR ThE seo eOr =o UNTTS AND aii ti 
DECIMAL MULTIPLES AND SUB-MULTIPLES 

Mie SI units are preferred, but it will not be practical 
to limit usage to these; in addition, therefore, their 
decimal multiples and sub-multiples, formed by using 
the prefixes, are required. 
In order to avoid errors in calculations it is essential 
to use coherent units. Therefore, it is strongly 
recommended that in calculations only SI units them- 
selves be used, and not their decimal multiples and 


sub-multiples. 


The use of prefixes representing 10 raised to a power 
miLch iS a multiple of 3 is especially recommended. 
NOTE. — In certain cases, to ensure convenience in the 
use of units, this recommendation cannot be followed; 
column 5 of the tables in the Annex gives examples of 


these exceptions. 


Tt is recommended that only one prefix be used in 
mermang the decimal multiples or sub-multipiles of a 
derived SI unit, and that this prefix be attached to 

fe unit in the numerator. 

NOTE. ~ In certain cases convenience in the use requires 
attachment of a prefix to both the numerator and the 
denominator at the same time, and sometimes only to 

the denominator. Column 5 of the tables in the Annex 


gives examples of these exceptions. 
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4, NUMERICAL VALUES 


When expressing a quantity by a numerical value and 

a certain unit it has been found suitable in most 
applications to use units resulting in numerical 
values between 0.1 and 1000. 

The units which are decimal multiples and sub-multiples 
of the SI units should therefore be chosen to provide 


values in this range; for example, 


observed or can be 

calculated expressed 
values as 

T2000 -N 12 KN 

0.00394 m 3.94 mm 

14010 N/m Weak eyane 

O.COCS<s 02 34ms 


The rule according to clause 4.1 cannot, however, be 
consistently applied. In one and the same context 
the numerical values expressed in a certain unit can 
extend over a considerable range; this applies espec-— 
ially to tabulated numerical values. In such cases 
it is often appropriate to use the same unit, even 
when this means exceeding the preferred value range 


tee to 1000. 


Rules for writing symbols for units are given in ISO 


Recommendation R 31: General Princ. ples 


Lie 





concerning quantities, units and symbols. 
See ANSE (Ole UINEAES: 


For a number of commonly used quantities, examples of 
decimal multiples and sub-multiples of SI units, as well as 
of some other units which may be used, are given in the 


Annex to this document. 


(ANNEX OMITTED) 
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APPENDIX B 


FORM OF THE QUESTIONNAT RE 
METRIC SYSTEM SURVEY 


Your age: ; 2. Sex: : 





What was the last grade you completed in school? 
Bimattenis your job, position, field of activity, rank, 
Secvyice, curriculum, grade, ...? 

Please mark on the scale according to the yearly income 


ef your family: 


Under $3000 $7000 to $9999 
$3000 to $4999 S10, 000 -to S147 00¢ 
$5000 to S6999 $15,000 and over. 





What is your religious preference? 

How many magazines do you subscribe to regularly? 
To how many education programs do you listen on TV 
each week? 


How Often ado you travel? 


Never Sometimes Often 
- out of town 
-~ out of state 


- out of country 








How often do you measure things? (in your job and at home) 


Never, Sometimes, Often. 
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2 . 


Lay 


A 


ED 


IO. 


ig 


re . 


How often do you have meals or parties with: 
- (for Managers or Educators) your subordinates or 
students? 
- (for Workers or Students) your boss or teacher? 
Never, Sometimes, Often. 
How do you feel about the adoption of the metric system? 


merong Ly Moderately Neutral Moderately SELOnG iy 
against against for POG 











SS ee 





Please explain why you feel as you do ahout the adoption 


of the metric system? 


The percentage of countries in the World that have 
converted to the metric system is: 
Beeeess than 50% - TOE Om eo: 


50 to 69% 90% or more. 


Pease state in: 


U.S. Clistomany Metric 

System oystem 
- your height NB eee Lass Cm, 
- your weight lbs. Kegs 


One ounce is equivalent to: 
0.45 gram «20 «grams 
12 orans _____—s28:s« rams. 
Pure water freezes at degrees C. 


How many liters are there in 286.30 hectoliters? 


liters. 


ai 





19. How many square meters are there in 7,345.80 ene? 
Z 
m. 
Mme Please £111 in the following table which is used to 


form decimal multiples and sub-multiples in the metric 


system: 
Prefix Poacton by white eke Symbol 
Unie Se miutap Lied 
Kilo 17000 k 
Hecto 


21. How often do you handle metric equipment? 


Never, Sometimes, Often. 
MeeeDo you think in metric units? 
Never, Sometimes, Often. 


23. To be familiar with the metric system, do you think 


fmeaining is needed: 


None or Some Great Donec 
little Deal know 


Pet or yOu? 
= for your school 
or company? 


ES 
ee 
a 





Ba. What do you predict will be the most important obstacles 


to conversion to the metric system? 


ee 
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APPENDIX C 


CODING CE THE DATA 


(1) Age: Age of the respondent. 

(2) Sex: Sex of the respondent (female: 1, male: 2). 

(3) Education: Last year completed in school. 

moe Occupation: Occupation of the respondent (high school 
eeuaent: 1, high school teacher: 2, worker: 3, manager; 
maeeroLessor: 5, NPS student: 6). 

(5) Income: Annual family income of the respondent (under 
PereOOO2 1,053,000 to $4990 se? ee neo 5 0 0 eam emoemer :—6)4 

(6) Religion: Religious preference of the respondent 
/Worerestant: 1, catholic: 2, /0ther: 3,7 no pretereice: 
“ae (This coding was used for describing the profile 
of the population; later it was changed to be used for 
analysis as follows: any religious preference: 1, no 
preference: 2). 

MmomeeReading: Number of magazines regularly subscribed to 
by the respondent plus one. 

foeeety program: Number of education programs watched on TV 
each week by the respondent plus one. 

feeeetraveling: Coded according to the frequency (never, 
sometimes, often) and distance (out of town, state, 
Soumtry) at whach the ressonuder? cua liv travelee 


lowest: 1, Avghest: 5)= 


ey 





(10) 


(rt) 


(12) 


ey, 


i) 


Measurement need: Frequency with which the respondent 
usually measured things (never: 1, sometimes: 2, 
Orten: 3). 

Social relations: Frequency with which the respondent 
usually had meals or parties with his subordinates or 
superiors (coded same as measurement need). 

Attitude: Attitude of the respondent toward the 
adoption of the metric system (strongly against: l, 
imal y against: 2; Neutral:  opemilaly “for omc lLrong ly 


mor: 5). 


to (22): Knowledge of the metric system (questions 14, 


mop 7, 18, and 19: .coded from 1) (lowest) “come(iiigqnest):; 
peseron 15: fromi2 lo Sseqmesceion 20s) Mircea boc: 
questions 21 and 22: from 1 to 3; these scores were 
added up to give the total score for the knowledge of 
the metric system, coded from 10 to 42). 

Training need: Need of training to use the metric 
system for the respondent and for his organization as 


perceived by the respondent (lowest: 1, highest: 3 ). 


ftescing values: all missing values are coded zero. 


118 





APPENDIX D 
FACTOR ANALYSIS 


VARIMAX Rotated Factor Matrices 








Table D-=ieeragh schee!, Students 
Sn ee a ee eee 
Pacror. i jive (eee ail ll PaG roi ei 
Education 0.72109 -0.04309 Oye ee 
Income 0757526 O203035 =O UiGo29 
Religious Preference 0.12782 =) 01326 0.43965 
Reading 0.14081 =O Severe k =O: 356.5 
mv. Program Une gio 0.40864 -0.14386 
Traveling 0.48353 0.00280 -0.06452 
Measurement need ° 0.12402 0.67433 0.04129 
peerat relation Oop OIE 5) (5) Om2oe6. Or072Z22 
Table D-2 Educators 
sloncepaell PactOm il FAacEor eli BACTOL eS LY 
Education 0.89026 0.02910 =), bee 240270 
Income On Glyn U2 02919 OME PV AS 5: OSL 2607 
Religious 
Preference Jasco 3 Oe O72: 10) Oe os) = Oe 22a 
Reading Us0se99 -O.0S629 Ne Sao 0.58430 
wea Program =() oe ld O07 O5au =0i220 3 0.18703 
Traveling 0.04229 -0.04013 Ora 7076 0.14075 
Measurement 
Need (0) AOE e) 2 O72 69 G0 = -2.b59 ol OP ORC LON OR: 
pocial 
Relation -0.13039 On 25072 OnZ 167s Oe nOA 


qm erent cee gn SN A ET TCL CL DS AL Te 


ee, 














Table D-3 Business 
Factor i Racer wie Factor i Li 
Education 0.69609 Oe BONE ets 0.04010 
Income Oe 4236 / 0.10278 0205225 
Religious Preference -0.28313 Orzo s 02 Ore 1 
Reading 0.68797 00 soon Od 9 
ie Program O.07222 OS a0i4 Oe, A APAG) S) 
Traveling Om 2829 =O 5309 0.25304 
Measurement Need 0.09096 (07 Cues s: 7 Oa: ye seo) 
Se@etal Relation 0.10374 Oee0220 -~0.10458 
Table D-4 NPS Student 
Factor I Bacco Vial PAGCEOr s..n 
Education Oe Sey, Oelis74 On dice 
Incame 0.01949 0.22469 Oba oS 
Religious Preference -0.03440 —J07 242 -0.51121 
Reading Qld E10) e115),8) Or Cae 0.18094 
T.V. Program 0.17243 0.11831 NOS 5 
Traveling Ola Bs) o 7) OS OO Los 
Measurement Need 0.34487 O76 07 -0.02665 
Social Relation 0.72307 ss Vice OSs fa) 7 0.13080 


cee ae ee cioren r T 
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